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ABSTRACT
A s o l i  s c i e n c e  t e c h n i q u e  o f  h y d r o f l u o r i c  a c i d  p r e t r e a t m e n t  
and e x h a u s t i v e  d i a l y s i s  was employed t o  I s o l a t e  humlc a c i d s  o f  m o l e c u l a r  
w e i g h t ,  g r e a t e r  t h a n  5000 ,  from s i x  e s t u a r i o e  an d  n i n e t e e n  r e c e n t  c o a s t a l  
m a r in e  s e d i m e n t s  f rom  t h e  N o r f o l k  Canyon a r e a  o f f  V i r g i n i a ' s  c o n t i n e n t a l  
s h e l f .  The humlc a c i d s  w ere  q u a n t i f i e d  and t h e n  c h a r a c t e r i z e d  w i t h  
f u n c t i o n a l  g roup  a n a l y s i s ,  i n f r a r e d  s p e c t r o s c o p y  and e l e m e n t a l  a n a l y s i s ,  
a t t e m p t i n g  to  show i n s h o r e  v s .  o f f s h o r e  v a r i a t i o n s .
The I s o l a t i o n  t e c h n i q u e  a p p e a r e d  t o  b e  g o o d ,  w i t h  a s h  c o n t e n t s  
o f t e n  I I  o r  l e s s .  Recommendations  a r e  made f o r  f u r t h e r  l o w e r i n g  o f  
a sh  c o n t e n t ,  and r e p e t i t i v e  e x t r a c t i o n s  showed t h e  m ethod  was r e p r o d u c i b l e .
F u n c t i o n a l  g r o u p  a n a l y s i s  c o u l d  n o t  d i s t i n g u i s h  b e tw een  o f f s h o r e  
and I n s h o r e  s a m p le s .  V a r i a t i o n s  w e re  n o te d  w i t h i n  t h i s  s t u d y  a s  w e l l  
a s  w i t h i n  o t h e r  s t u d i e s .  D i f f e r e n c e s  be tw een  t h e s e  r e s u l t s  and  o t h e r  
r e s u l t s  a r e  d i s c u s s e d .  O f f s h o r e  s a m p l e s  had m ore  I n t e n s e  i n f r a r e d  
a b s o r b a n c e s  n e a r  1540 and 1450 cm"!  an d  n e a r  1050  c m ~ l . The e l e m e n t a l  
a n a l y s i s  had  t h e  s t r o n g e s t  o f f s h o r e  v s .  i n s h o r e  d i f f e r e n c e  in  C/H and 
C/N r a t i o s .
I t  l a  p o s t u l a t e d  t h a t  t h e  I n s h o r e  h u m a te s  a r e  t h e  r e s u l t  o f  
t e r r i g e n o u s  i n f l u e n c e s ,  w h i l e  t h e  o f f s h o r e  h u m a te s  a r e  a  r e s u l t  o f  i n  
s i t u  and  p o s t - d e p o s l t l o n a l  a l t e r a t i o n .  C o n c e n t r a t i o n  d i s t r i b u t i o n  and 
v a r i a t i o n s  i n  c h a r a c t e r i z a t i o n s  a r e  d i s c u s s e d .
v i l i
ISOLATION AND CHARACTERIZATION 
OF ESTUARINE AND MARINE SEDIMENTARY HUMIC ACIDS
INTRODUCTION
F o r  more  t h a n  150 y e a r s  s c i e n t i s t s  have  p r o b e d  i n t o  t h e  n a t u r e  
o f  humlc s u b s t a n c e s .  A l t h o u g h  th e  l i t e r a t u r e  c o n t a i n s  many r e f e r e n c e s ,  
much r e m a in s  t o  be  l e a r n e d  a b o u t  t h e  o r i g i n ,  s y n t h e s i s ,  c h e m i c a l  
s t r u c t u r e  and  r e a c t i o n s  o f  t h i s  u b i q u i t o u s  m a t e r i a l .  The d r i v i n g  f o r c e  
f o r  c o n t i n u i n g  t h e  humate  r e s e a r c h  h a s  b e e n  t h e  a s s o c i a t i o n  o f  humlc 
s u b s t a n c e s  w i t h  s o l i  f e r t i l i t y  and p r o d u c t i v i t y .
C e r t a i n  b a s i c  d e f i n i t i o n s  a r e  n e c e s s a r y  b e f o r e  c o n t i n u i n g  w i t h  
t h e  humlc a c i d  d i s c u s s i o n .  To s i m p l i f y  a  v e r y  complex s y s t e m ,  a l l  o r g a n i c  
m a t t e r  i s  d i v i d e d  i n t o  humlc  and  n o n -h u m lc  s u b s t a n c e s .  Non-humic s u b ­
s t a n c e s  b e lo n g  t o  th e  ' e a s i l y  i d e n t i f i a b l e '  s t a n d a r d  c l a s s e s  o f  o r g a n i c  
compounds ( e . g . ,  c a r b o h y d r a t e s ,  p r o t e i n s ,  amino a c i d s ,  e t c . ) .  The 
p r e c e d i n g  compounds a r e  e a s i l y  a t t a c k e d  by  m i c r o - o r g a n i s m s  p r e s e n t  i n  
s o i l s  and w a t e r s  and have  a  s h o r t  s u r v i v a l  r a t e .  Humlc s u b s t a n c e s  a r e  
d e f i n e d  by S c h n l t z e r  and Khan (1972) a s  a m o rp h o u s ,  brown o r  b l a c k ,  
h y d r o p h i l i c ,  a c i d i c ,  p o l y d l a p e r s e  s u b s t a n c e s  o f  m o l e c u l a r  w e i g h t s  r a n g i n g  
from s e v e r a l  h u n d r e d s  t o  t e n s  o f  t h o u s a n d s .
The c l a s s i c a l  a p p r o a c h  f r a c t i o n a t e s  humic s u b s t a n c e s  on t h e  
b a s i s  o f  t h e i r  s o l u b i l i t y  I n  d i l u t e  a c i d s  and  b a s e s .  The f r a c t i o n  o f  
humlc s u b s t a n c e  which I s  s o l u b l e  i n  b o t h  d i l u t e  a c i d  and  d i l u t e  b a s e  i s  
known as  f u l v l c  a c i d  ( F A ) . The  f r a c t i o n  w h ic h  i s  I n s o l u b l e  In  d i l u t e  
b a se  and d i l u t e  a c i d  i s  t h e  h u i i i n  f r a c t i o n  and an  a d d i t i o n a l  f r a c t i o n  
known t o  be  s o l u b l e  i n  d i l u t e  b a s e  b u t  w h i c h  p r e c i p i t a t e s  upon a c l d i f i -
2
3c a t i o n  I s  t h e  humlc a c i d  f r a c t i o n  (HA and humate a r e  u sed  synonymously 
In  t h i s  work) .  A l l  t h r e e  f r a c t i o n s  e x h i b i t  s i m i l a r  p h y s i c a l  p r o p e r t i e s  
and a r e  p ro b a b ly  s i m i l a r  In  s t r u c t u r e .  They do v a r y  I n  m o l e c u l a r  w e i g h t ,  
e l e m e n ta l  a n a l y s i s ,  and f u n c t i o n a l  g roup  c o n t e n t .  The FA f r a c t i o n  
g e n e r a l l y  has  lower  av e rag e  m o le c u la r  w e i g h t ,  a low er  p e r c e n t a g e  carbon  
c o n t e n t  and a  h i g h e r  c o n c e n t r a t i o n  o f  o x y g e n - c o n t a i n i n g  f u n c t i o n a l  g ro u p s .  
Humlns a r e  th o u g h t  t o  combine w i th  I n o r g a n i c  s o i l  c o n s t i t u e n t s  c a u s i n g  
t h e i r  I n s o l u b i l i t y  In  d i l u t e  a c i d s  and b a s e s .  L ike  " l i g n i n "  o r  " t a n n i n " ,  
t h e r e  e x i s t s  no s im ple  u n iq u e  "humlc a c i d " ;  r a t h e r ,  I t  l a  u s u a l l y  d e f in e d  
a s  above and d e s c r i b e d  In  te rm s  o f  I t s  env i ronm en t  and  e x t r a c t i o n  p ro ­
c e d u r e .  O the r  methods and te rm s  have been  a p p l i e d  t o  v a r i o u s  f r a c t i o n s  
o f  humlc s u b s t a n c e s ,  b u t  t h e  scheme o u t l i n e d  above I s  most g e n e r a l l y  
a c c e p te d  by th e  v a r i o u s  d i s c i p l i n e s .
Humlc a c i d s ,  i n  c om bina t ion  w i t h  f u l v i c  a c i d s  and hu m ln s ,  a r e  
p ro b a b ly  the  most w ide ly  d i s t r i b u t e d  n a t u r a l  p r o d u c t s  on th e  e a r t h ' s  
s u r f a c e .  Humlc a c i d s  o c c u r  In  decomposing o r g a n i c  m a t t e r  and can be 
found in  e v e r t h l n g  from t h e  b la ck  s l i m e  o f  an o r d i n a r y  home g a rd en  
compost bed t o  d e e p - s e a  s e d im e n t s .
F e lb e c k  (1971) s p e c u l a t e d  on f o u r  p o s s i b l e  modes o f  s y n t h e s i s  
o f  humlc s u b s t a n c e s .  These  h y p o th e se s  a r e :  p l a n t  a l t e r a t i o n ;  c h em ica l
p o l y m e r i z a t i o n ;  c e l l  a u t o l y s i s ;  and t h e  m i c r o b i a l  s y n t h e s i s .
P l a n t  a l t e r a t i o n  i m p l i e s  t h a t  f r a c t i o n s  o f  p l a n t  t i s s u e  r e s i s t a n t  
t o  m i c r o b i a l  a t t a c k ,  e s p e c i a l l y  l i g n l f i e d  t i s s u e s ,  a r e  s l i g h t l y  a l t e r e d  
i n  s o i l  to  form humlc s u b s t a n c e s .  The n a t u r e  o f  t h e  o r i g i n a l  p l a n t  
m a t e r i a l  s t r o n g l y  i n f l u e n c e s  th e  n a t u r e  o f  t h e  humlc s u b s t a n c e s  formed.
The h ig h e r  m o le c u la r  w e igh t  HA’ s and humin f r a c t i o n s  r e p r e s e n t  t h e  f i r s t  
s t a g e s  o f  h u m i f i c a t i o n .  These  m a t e r i a l s  a r e  d e g ra d ed  by m ic r o b e s  i n t o  
FA and u l t i m a t e l y  ca rbon  d i o x i d e  and w a t e r .
AI n  c h e m i c a l  po ly m er  H a t  I o n ,  p l a n t  m a t e r i a l s  a r e  deg rad ed  
m l c r o b i a l l y  t o  s m a l l  m o l e c u l e s  and u sed  a s  c a r b o n  and e n e r g y  s o u r c e s .  
Them tcrobes  th e n  s y n t h e s i z e  p r o d u c t s  s u c h  a s  p h e n o l s  and amino a c i d s  
w hich  a r e  e x c r e t e d  I n t o  t h e  s u r r o u n d i n g  e n v i ro n m en t  where c h em ica l  o x i ­
d a t i o n  and p o l y m e r i z a t i o n  t o  humlc s u b s t a n c e s  t a k e s  p l a c e .  In  t h i s  
I n s t a n c e ,  t h e  n a t u r e  of  t h e  o r i g i n a l  p l a n t  m a t e r i a l  has  no e f f e c t  on t h e  
k in d  of  humlc s u b s t a n c e  fo rmed .
C e l l  a u t o l y s l s  a ssumes  t h a t  humlc s u b s t a n c e s  a r e  p r o d u c t s  o f  
t h e  a u t o l y s l s  o f  p l a n t  and  m i c r o b i a l  c e l l s  a f t e r  t h e i r  d e a t h .  The 
r e s u l t i n g  m a t e r i a l s  a r e  h e t e r o g e n e o u s ,  formed by random c o n d e n s a t i o n  
and f r e e  r a d i c a l  p o l y m e r i z a t i o n  o f  c e l l u l a r  d e b r i s  ( e . g . *  s u g a r s ,  amino 
a c i d s ,  p h e n o l s ,  and o t h e r  a r o m a t i c  compounds) .  The f r e e  r a d i c a l s  a r e  
formed w i t h  t h e  a i d  o f  a u t o l y t l c  enzymes .
F i n a l l y ,  In  m i c r o b i a l  s y n t h e s i s ,  m ic ro b e s  u s e  p l a n t  t i s s u e s  
a s  c a rb o n  and energy  s o u r c e s  b u t  s y n t h e s i z e  h ig h  m o l e c u l a r  w e ig h t  
h u m i c - l l k e  s u b s t a n c e s  l n t r a c e l l u l a r l y j  t h e s e  s u b s t a n c e s  a r e  r e l e a s e d  
i n t o  t h e  s o i l  a f t e r  t h e  m i c r o b e s  d i e ,  and  t h e i r  c e l l s  a r e  l y s e d .  Thus ,  
t h e  h ig h  m o l e c u l a r  w e i g h t  components  r e p r e s e n t  t h e  f i r s t  s t a g e s  o f  
h u m i f i c a t i o n ,  fo l l o w e d  by e x t r a c e l l u l a r  m i c r o b i a l  d e g r a d a t i o n  t o  HA 
and FA, and f i n a l l y  t o  c a r b o n  d i o x i d e  and  w a t e r .
At t h i s  t ime i t  I s  no t  c e r t a i n  which o f  t h e s e  p r o c e s s e s  
p r e d o m in a te  and a l l  may o c c u r  s i m u l t a n e o u s l y  a t  v a r i o u s  r a t e s .
Humlc a c i d s  form w a t e r - s o l u b l e  and w a t e r - i n s o l u b l e  complexes  
w i t h  m e ta l  I o n s  and h y d ro u s  o x i d e s .  They a l s o  I n t e r a c t  w i t h  c l a y  
m i n e r a l s  and o t h e r  o r g a n i c  compounds.  Some o f  t h e s e  o r g a n i c  compounds 
a r e  t o x i c  c h e m i c a l s  added by man. The d i s t r i b u t i o n  o f  humlc a c i d s  I n  
s o i l s  and w a t e r s ,  t h e  r e a c t i o n s  o f  humlc  a c i d s  w i t h  o r g a n i c  and I n o r g a n i c
5compounds* and th a  p r o p e r t i e s  o f  t h o s e  compounds formed b y  th e  I n t e r ­
a c t i o n s  s h o u l d  be o f  c o n s i d e r a b l e  I n t e r e s t  t o  I n v e s t i g a t o r s  concerned  
w i t h  e n v i ro n m e n ta l  problems s i n c e  humlc a c i d s  a r e  so r e s i s t a n t  to  m ic ro ­
b i a l  d e g r a d a t i o n .  I t  i s  most  l i k e l y  t h a t  g r e a t e r  a t t e m p t s  v t l l  be  made 
to  u t i l i z e  t h e  rem arkab le  a d s o r p t i o n  p r o p e r t i e s  o f  humlc a c l d a  a s  w e l l  
a s  t h e i r  a b i l i t y  t o  form s t a b l e  complexes  ( S c h n l t z e r  and Khan, 1972) .
REVIEW OF KARINE HUMIC SUBSTANCES RESEARCH
S in c e  t h e  e x t e n s i v e  r e v i e w s  of humlc s u b s t a n c e s  by Kononova 
(1966) an d  S c h n l t z e r  and Khan ( 1 9 7 2 ) ,  many I n v e s t i g a t o r s  have  d i r e c t e d  
t h e i r  e f f o r t s  tow ard  t h e  s tudy  o f  s e d i m e n t a r y  humlc  a c i d s .  Humic s u b ­
s t a n c e s  i n  t h e  m a r i n e  env i ronm ent  a r e  e i t h e r  l e a c h e d  from t h e  s o i l  
o r g a n i c  m a t t e r  and t r a n s p o r t e d  t o  l a k e s  and o c e a n s  by s t r e a m s  and 
ground w a t e r s  ( a l l o c h t h o n a u s )  o r  formed from c e l l u l a r  c o n s t i t u e n t s  o f  
a q u a t i c  o r g a n i s m s  ( a u t o c h t h o n o u s ) .  T h i s  d i s t i n c t i o n  b a se d  on o r i g i n  
was g i v e n  by Waksman, 1933; K a l l e ,  1966;  O t s u k l  an d  Hanya,  1967;  
B o rd o v sk y ,  1963; Nlssenbautn and K a p l a n ,  1972; and  Deeltaan,  1976 .
Hos t  o f  t h e  o r g a n i c  m a t t e r  I n  r e c e n t  s e d i m e n t s  c o n s i s t s  o f  
complex ,  h e t e r o g e n e o u s ,  brown o r  y e l l o w  a c i d i c  p o ly m e rs  c o l l e c t i v e l y  
c a l l e d  humic m a t t e r  (Bordovsky, 1 9 6 5 ) .  E s t i m a t e s  o f  humic s u b s t a n c e s  
i n  m a r i n e  s e d i m e n t s  r a n g e  from 50 t o  802 o f  t h e  t o t a l  o r g a n i c  m a t t e r  
c o n t e n t  (K ing ,  1 9 6 7 ) .  The bu lk  o f  o r g a n i c  m a t t e r  I n  a n c i e n t  s e d i m e n t s  
l a  made up o f  p o s t - d e p o s l t l o n a l l y  a l t e r e d  humlc s u b s t a n c e s ,  s u c h  a s  
k e r o g e n s  and  c o a l s  (Degens ,  1965) .
R e s e a r c h  on m ar ine  humlc s u b s t a n c e s  h a s  b e e n  i n  t h e  g e n e r a l  
a r e a s ;  a )  i s o l a t i o n  o f  humlc s u b s t a n c e s ;  b) f r a c t i o n a t i o n  o f  t h e  
i s o l a t e ;  c )  c h e m i c a l  and s p e c t r o s c o p i c  c h a r a c t e r i z a t i o n  o f  t h e  f r a c t i o n s ;  
a n d ,  d)  d e m o n s t r a t i o n s  of  e x p ec te d  i n t e r a c t i o n s  o f  humates  w i t h  m e t a l s ,  
p e s t i c i d e s ,  c l a y s ,  and s e l e c t e d  o r g a n i c  compounds.  P r o g r e s s  i n  t h e s e  
e f f o r t s  i s  r e v ie w e d  h e r e  under t h e  above  h e a d i n g s .
6
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Humatea i n  s e a  w a te r  a r e  u s u a l l y  o b t a i n e d  by l i q u i d “ l i q u i d  
e x t r a c t i o n ,  i o n  exchange ,  o r  g e l  f i l t r a t i o n .  S o i l  humatea  have  been  
i s o l a t e d  many ways.  T he re  a r e  no i s o l a t i o n  m ethods  t h a t  o b t a i n  c o m p le te  
r e c o v e r y  o f  o r g a n i c  m a t t e r ,  y i e l d  v a n i s h i n g l y  s m a l l  a s h  c o n t e n t s ,  and 
l e a v e  hum ates  c o m p l e t e l y  u n a l t e r e d .  The s e a r c h  l a  f o r  an optimum 
m e th o d ,  n o t  an i d e a l  one .
The d i s t r i b u t i o n  and p ro b a b le  o r i g i n  o f  w a t e r  s o l u b l e  o r g a n i c  
m a t t e r  i n  s h a l l o w  s u b s u r f a c e  sands  i s  i l l u s t r a t e d  by a s tu d y  o f  m a t e r i a l  
f rom t h e  F l o r i d a  p a n h an d le .  These sam ples  were examined by l e a c h i n g  
s e d i m e n t s  w i t h  d i s t i l l e d  w a t e r ,  d i l u t e  NH^GH, HaOH, and  NaHCG^ s o l u t i o n s  
(Swanson and P a l a c a s ,  1965) .  E lem enta l  a n a l y s i s  o f  t h e  a c i d i f i e d  
p r e c i p i t a t e s  showed some v a r i a t i o n ,  b u t  no sample  was l e a c h e d  by a l l  
s o l u t i o n s ,  l e a v i n g  th e  p o s s i b i l i t y  t h a t  d i f f e r e n c e s  may be due  t o  sample  
v a r i a t i o n .
I s h i w a t a r l  (1 9 6 9 ,  1970) a p p l i e d  t e c h n i q u e s  d e v e lo p e d  f o r  
l a k e  s e d i m e n t s  t o  a m ar ine  sample from Sagaml Bay and two from th e  Sea 
o f  J a p a n  ( 1 9 7 1 ) .  A i r - d r i e d  s u r f a c e  mud was s o x h l e t  e x t r a c t e d  w i t h  
b e n z e n e - m e t h a n o 1 - a c e t o n e  m i x t u r e  t o  remove t h e  b i tu m e n  f r a c t i o n .  The 
s e d im e n t  was t h e n  e x t r a c t e d  w i th  0 .1  N NaOH and t h e  humlc a c i d s  p r e ­
c i p i t a t e d  w i t h  HjSQ^. P u r i f i c a t i o n  was a c h i e v e d  by r e p e t i t i v e  d i s s o l u t i o n  
i n  HaOh and p r e c i p i t a t i o n  i n  a c i d .  The humlc a c i d s  were  t h e n  a i r - d r i e d .
Otsu lc i  and Hanya (1967) u sed  a s i m i l a r  p r o c e d u r e  t o  examine humic a c i d  
p r e c u r s o r s  i n  Lake Haruna,  bu t  d r i e d  s am p le s  o v e r  3*2^ 5 '
T h r e e  n o r t h  P a c i f i c  sediment  sam ples  w e re  examined by P a l a c a s  
e t  a l .  ( 1 9 6 6 ) .  F rozen  sam ples  were v a cu u m - d r ie d  from a  n i t r o g e n  
a t m o s p h e r e  and g ro u n d  to  l e s s  than  115 mesh in  a  p o r c e l a i n  m o r t a r .
8Benzene  e x t r a c t i o n  w i t h  u l t r a s o n i c  a g i t a t i o n  removal t h e  b i tu m en  f r a c t i o n *  
and  0 . 1  N HaOH was used  f o r  e i g h t  ho u rs  to  e x t r a c t  humlc s u b s t a n c e s *  
E x t r a c t i o n s  w ere  r e p e a t e d  u n t i l  no a p p r e c i a b l e  c o l o r  was p ro d u ced  in  t h e  
s u p e r n a t a n t  l i q u i d .  A c i d i f i c a t i o n  y ie ld e d  o r g a n i c  m a t t e r  w i t h  v a r i a b l e  
b u t  n o t  q u a n t i f i e d  a s h  c o n t e n t s .  P a l a c a s ,  Swanson* and Love (1968) 
u s e d  a s i m i l a r  t e c h n i q u e  f o r  humate e x t r a c t i o n  from s e d im e n t s  of 
C h o c t a w h a te h e e  Bay ,  F l o r i d a .  E x t r a c t i o n  t ime was ex tended  t o  tw e n ty -  
f o u r  h o u r s  an d  p e r fo rm ed  I n  a n i t r o g e n  a tm osphere .
The m ost  e x h a u s t i v e  r e s e a r c h  to  d a t e  began w i th  King (1967)
and R a s h i d  and  King (1 9 6 9 ) .  Four  marine  s ed im en t  samples  from th e  
S c o t i a n  s h e l f  were  f r o z e n  i m m e d ia t e ly  upon c o l l e c t i o n *  thawed f o r  
a n a l y s i s ,  t r e a t e d  w i t h  HC1 t o  remove c a r b o n a t e s ,  f r e e z e - d r i e d *  and
e x t r a c t e d  w i t h  0 . 5  N IfaOH f o r  18 h o u rs  w i th  an  e x t r a c t  t o  s ed im en t  r a t i o
o f  1 0 :1  by w e i g h t .  S u p e r n a t a n t  s o l u t i o n s  were  removed and a c i d i f i e d  
t o  pH 3. Humic a c i d s  were p u r i f i e d  by r e p e t i t i v e  d i s s o l u t i o n  and 
t r e a t m e n t  i n  co lum ns  o f  i o n  exchange  r e s i n s .  Rashid and c o - w o r k e r s  
h ave  c o n t i n u e d  t o  i n v e s t i g a t e  t h e s e  m a t e r i a l s  and d e t a i l s  o f  t h e i r  work 
w i l l  be  g i v e n  l a t e r  i n  t h i s  d i s c u s s i o n .  Kemp and Hong (1974) a p p l i e d  
R a s h i d ’ s  m e t h o d o lo g y  to  Lake E r i e  and O n ta r io  s e d im e n t s .
D e a a i  and  G angu l l  (1970)  e x t r a c t e d  two m ar ine  s e d i m e n t s  t a k e n  
o f f  t h e  w e s t  c o a s t  o f  I n d i a ,  u s i n g  0 .2  N NaOH and Na2C0 ^ a t  80°C. A f t e r  
s i x  h o u r s  o f  a g i t a t i o n ,  t h e  e x t r a c t  m ix tu re  was a l low ed  t o  s e t  o v e r n i g h t  
and  t h e  p r o c e d u r e  r e p e a t e d  f o r  seven  days .  A c i d i f i c a t i o n  y i e l d e d  humlc 
a c i d s  an d  p u r i f i c a t i o n  in v o l v e d  d i s s o l u t i o n  and p ro lo n g ed  d i a l y s i s .
The d i s t r i b u t i o n  o f  o r g a n i c  m a t t e r  i n  sed im en ts  o f f  t h e  c o a s t s  
o f  C a l i f o r n i a ,  O regon ,  and one sample from n e a r  Hawaii have been  s t u d i e d  
by H is senbaum  an d  Kaplan  ( 1 9 7 2 ) .  Sediments  were  a g i t a t e d  f o r  f i v e  h o u r s
9w i t h  0 . 1  N NaOH u n d e r  n i t r o g e n .  P u r i f i c a t i o n  was e f f e c t e d  by c e n t r i ­
f u g a t i o n  and d i a l y s i s .  To o b t a i n  o r g a n i c  m a t t e r  from Dead Sea  s e d i m e n t s ,  
N ls se n b a u m ,  B a e d e c k e r ,  an d  Kap lan  ( 1 9 7 2 ) ,  f i r s t  e x t r a c t e d  w i t h  7 0 : 3 0  
b e n z e n e - m e t  h a n d  i n  a  h o m o g e n lz e r ,  and t h e n  r e f l u x e d  f o r  t w e n ty - tw o  
h o u r s  w i t h  6 N HC1. The r e s i d u a l  s ed im en t  was e x t r a c t e d  w i t h  0 . 2  N NaOH 
and p u r i f i e d  by r e p e a t e d  d i s s o l u t i o n  and  p r e c i p i t a t i o n  f o l l o w e d  by 
d i a l y s i s .  Brown a t  a l .  ( 1 9 7 2 ) ,  used  a  s i m i l a r  p r o c e d u r e  t o  i s o l a t e  
humlc a c i d s  from s e d i m e n t s  o f  Saan ich  I n l e t ,  B r i t i s h  Colum bia .
R e c e n t l y ,  a d e t a i l e d  p r o c e d u r e  i n c o r p o r a t i n g  c e n t r i f u g a t i o n ,  
p r e s s u r e  f i l t r a t i o n ,  d i a l y s i s ,  r e s i n  e x c h a n g e ,  and f r e e z e - d r y i n g  was 
g i v e n  f o r  e x t r a c t i o n  and  p u r i f i c a t i o n  o f  humic and f u l v l c  a c i d s  from 
s o i l s  and  s e d i m e n t s  (Malcolm ,  1 9 7 6 ) .  The a s h  c o n t e n t s  o f  l e s s  t h a n  
0 . 22Z I n  t h e  i s o l a t e s  a r e  t h e  l o w e s t  r e p o r t e d  i n  t h e  l i t e r a t u r e .
A l b e r t s  e t  a l .  ( 1 9 7 6 ) ,  have  a p p l i e d  a n o n - c h e m i c a l  m ethod ,  u l t r a c e n t r i -  
f u g a t l o n ,  to  o b t a i n  r e l a t i v e l y  low a sh  (13Z) humlc s u b s t a n c e s ,  b u t  o n l y  
f u l v l c  a c i d s  w e re  o b t a i n e d  and r e p o r t e d .
F r a c t i o n a t i o n  T e c h n i q u e s
The c l a s s i c a l  method o f  f r a c t i o n a t i o n  o f  humlc s u b s t a n c e s  
f o l l o w i n g  e x t r a c t i o n  1h b a se d  on  d i f f e r e n c e s  i n  s o l u b i l i t y  i n  a q u e o u s  
s o l u t i o n s  a t  v a r i o u s  a c i d i t i e s  and e l e c t r o l y t e  c o n c e n t r a t i o n s .
I s h i w a t a r i  (1969)  e x t r a c t e d  humlc a c i d  from J a p a n e s e  l a k e  
s e d i m e n t s  an d  d i v i d e d  t h e  m a t e r i a l  i n t o  f i v e  f r a c t i o n s  b a s e d  on 
s o l u b i l i t y  I n  c h l o r o f o r m ,  m e t h y l e t h y l k e t o n e , m e t h a n o l ,  d i m e t h y l  
fo rmamlde  o r  p r e s e n t  a s  e x t r a c t i o n  r e s i d u e .  The amounts  in  e ac h  f r a c t i o n  
w e re  two,  t h r e e ,  s e v e n ,  tw e n ty - o n e  and s i x t y  s ev e n  p e r c e n t ,  r e s p e c t i v e l y .
M o l e c u l a r  w e i g h t s  o f  humic a c i d s  from two l a k e  and t h r e e  
m a r i n e  s e d i m e n t s  were  m e as u re d  by g e l  f i l t r a t i o n  t h r o u g h  S aphadexes  by
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I s h i w a t a r l  ( 1 9 7 1 ) .  R e s u l t s  I n d i c a t e d  m a r i n e  humlc a c i d s  a r e  d i s t r i b u t e d  
from l e a s  t h a n  700 t o  more  t h a n  200 ,000  grams p e r  mole .  Humlc a c i d s  
were d i v i d e d  I n t o  t h r e e  m ain  g ro u p s  on t h e  b a s i s  o f  m o l e c u l a r  w e i g h t :  
l e s s  th a n  700 (11-17% ),  5 , 0 0 0  t o  50 ,000  ( f l -1 7 1 ) , and o v e r  2 00 ,000  
(57-69%). R a s h id  and  King (1969) f r a c t i o n a t e d  humlc a c i d s  w i t h  Sephadex 
g e l s  more e x t e n s i v e l y  t h a n  I s h i v a t a r l .  They r e p o r t e d  components  I n  t h e  
m o l e c u l a r  w e i g h t  r a n g e s  t o  b e :  l e s s  t h a n  700 ( 5 - 2 3 1 ) ,  from 5 ,0 0 0  to
5 0 .0 0 0  (10-20% ),  and o v e r  1 0 0 ,0 0 0  (39-62%). Between f o u r  and e i g h t  
p e r c e n t  o f  t h e i r  HA-2 f r a c t i o n  had an a p p a r e n t  m o l e c u l a r  w e i g h t  o v e r  
200 ,000 .  R a s h id  (1971) u s e d  t h e  same method t o  f r a c t i o n a t e  humlc a c i d s  
from a l a g o o n a l  sam ple  and two samples  from t h e  C a r l a c o  t r e n c h .  Com­
p o n e n t s  o f  o n e  o f  t h e  m a r in e  s e d i m e n t a r y  humlc a c i d s  had m o l e c u l a r  
w e ig h t  r a n g e s  and  am ounts :  l e s s  th a n  700 (19%), 700 t o  1 0 ,0 0 0  (26%),
10 .000  to  1 0 0 ,0 0 0  (9%), and  g r e a t e r  th a n  100 ,000  (46%). R ash id  and 
P rak a sh  (1972)  u sed  g e l  f i l t r a t i o n  to  f r a c t i o n a t e  humic a c i d s  o f  
decomposing seaw eeds  ( Fucus  and  L a m i n a r l a ) . M o lecu la r  w e i g h t  r a n g e s  
and amounts w e re :  l e s s  t h a n  700 (22-23%), 5 ,0 0 0  to  1 0 ,0 0 0  (9-30% ),  and
over  1 0 0 ,0 0 0  (32-47% ).
T h e re  h a s  been  c r i t i c i s m  o f  t h e  a p p l i c a t i o n  o f  g e l  f i l t r a t i o n  
to  t h e  f r a c t i o n a t i o n  o f  humlc a c i d s  b e c a u s e  humlc a c i d s  do n o t  f u l f i l l  
t h e  b a s i c  c r i t e r i a  o f  u n i f o r m  shape  and c h e m i c a l  s t r u c t u r e .  M o le c u la r  
w e ig h t s  c an  o n l y  be e s t i m a t e d  by t h i s  method w i th  some p r e c a u t i o n s  
(Kershaw and P i n c k n e y ,  1 9 7 3 ) .
Kemp and Hong (1974)  c o n s i d e r e d  t h e  f a u l t s  of  g e l  f i l t r a t i o n  
In  s t a t i n g  t h e  r e l a t i v e  m o l e c u l a r  w e ig h t  d i s t r i b u t i o n  o f  humic a c i d s  
from s u r f a c e  s e d i m e n t s  o f  L akes  O n t a r i o  and  E r i e .  Most o f  t h e  o r g a n i c  
m a t t e r  was d i v i d e d  i n t o  t h e  m o l e c u l a r  w e ig h t  r a n g e s :  l e s s  t h a n  700
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( 1 - 2 1 ) ,  5 , 0 0 0  t o  1 0 , 0 0 0  ( 2 7 - 4 0 1 ) ,  and o o r e  t h a n  200,000 ( 2 5 - 5 1 1 ) .
I n  g e n e r a l ,  humlc a c i d  f r a c t i o n s  o b ta in e d  to  d a t e  have  
s i m i l a r  c h e m i c a l  an d  p h y s i c a l  p r o p e r t i e s  f o r  a humate sample,  i n d i c a t i n g
t h e  p o l y m e r i c  n a t u r e  o f  humlc  a c i d s .
C h a r a c t e r i z a t i o n  o f  humlc s u b s t a n c e s
S o i l  humlc s u b s t a n c e s  a r e  most  f r e q u e n t l y  c h a r a c t e r i z e d  by 
e l e m e n t a r y  c o m p o s i t i o n ,  f u n c t i o n a l  g roup  a n a l y s i s ,  I n f r a r e d  and u l t r a ­
v i o l e t  s p e c t r o p h o t o m e t r y ,  and  o x i d a t i v e  and  r e d u c t i v e  d e g r a d a t i o n .  
M o l e c u l a r  w e i g h t  d i s t r i b u t i o n  and e l e c t r o n  param agne t ic  r e so n a n c e  and 
n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y  have  been used in  some c h a r a c ­
t e r i z a t i o n s .  W ith  t h e s e  t e c h n i q u e s  I t  h a s  been  p o s s i b l e  t o  c h a r a c t e r i z e  
and  d i s t i n g u i s h  humlc s u b s t a n c e s  from d i f f e r e n t  s o u r c e s .  I t  I s  n o t  
p o s s i b l e  t o  d e t a i l  t h e  d i f f e r e n c e s  s i n c e  t h e  c h a r a c t e r i z a t i o n  methods
a v a i l a b l e  a r e  n o t  v e r y  s p e c i f i c  ( M a r t i n ,  1975) .  Some o f  t h e  above
t e c h n i q u e s  have  b e e n  a p p l i e d  t o  t h e  I n v e s t i g a t i o n  o f  m ar ine  humlc a c i d s .
I n  g e n e r a l ,  t h e  c a r b o n  c o n t e n t  o f  l a c u s t r i n e  and m ar ine  
h u m a te s  l a  l o w e r  and  t h e i r  hyd ro  gen :  c a r b o n  and n l t r o g e n : c a r b o n  r a t i o s  
h i g h e r  t h a n  t h o s e  o f  s o i l  humlc a c i d s  (Bordovsky ,  1965; King, 1967; 
I s h i w a t a r l ,  1 9 6 7 ;  Kemp, 1 9 7 0 ;  R ash id  and  King, 1970; I s h i w a t a r l ,  1971; 
N ls senbaum  an d  K a p l a n ,  1972 ;  Nlssenbaum et^ _*1., 1972; and Kemp and Wong, 
1 9 7 4 ) .  Brown e t  a l .  (1972)  r e p o r t e d  t h a t  sed im en ta ry  humic a c i d s  of 
S a a n i c h  I n l e t  had much h i g h e r  s u l f u r  c o n t e n t s  than s o i l  humlc a c i d s .
R a s h i d  an d  King (1 9 7 0 ,  1971) and Rashid  (1972, 1974) r e p o r t e d  
c a r b o x y l ,  p h e n o l i c  and a l c o h o l i c  h y d r o x y l ,  c a r b o n y l ,  and qu lnone  
f u n c t i o n a l  g r o u p s  In  m a r i n e  humic a c i d s .  The c a rb o n y l  c o n t e n t  was 
3 t o  6 m i l  11 - e q u i v a l e n t s  p e r  gram o f  humlc a c id  (meq/g) ,  s l i g h t l y
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h i g h e r  t h e n  I n  s o i l  humlc a c i d s .  M ar ine  humlc q u ln o n e s  were  1 , 8  t o  4 .7  
meq/g.  T h i s  l a  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  0 , 6  t o  0 , 8  meq/g v a l u e s  
r e p o r t e d  f o r  s o i l  humlc a c i d s  by  Kukharenko an d  E k a t e r i n a  {1967} ,
H a thu r  (1973) c r i t i c i z e d ;  " R a s h i d ' s  a s s e r t i o n  t h a t  q u ln o n e s  a r e  a b s e n t  
i n  t e r r e s t r i a l  o r g a n i c  m a t t e r  was  b a s e d  o n ,  a t  b e e t ,  l a c k  o f  e v i d e n c e  
r a t h e r  t h a n  s u b s t a n t i v e  d a t a . "  R a s h id  found p h e n o l i c  h y d r o x y l  c o n t e n t s  
of  0 . 5  to  2 . 5  meq/g I n  m a r in e  hum lc  a c i d s ,  a  l o w e r  v a l u e  t h a n  t h a t  r e p o r t e d  
f o r  s o i l  humlc  a c i d s .  F u n c t i o n a l  g roup  a n a l y s e s  o f  humlc ac ld H  I s o l a t e d  
from decompos ing  m ar ine  a l g a e  g a v e  v a l u e s  w i t h i n  th e  above r a n g e s  f o r  
m ar ine  s e l d m e n t s  (R ash id  and P r a k a s h ,  1 9 7 2 ) .  F u n c t i o n a l  g roup  a n a l y s i s  
has been confiflonly employed by s o i l  c h e m i s t s  b u t  n o t  by  a q u a t i c  c h e m i s t s  
t r e a t i n g  s e d i m e n t a r y  humic s u b s t a n c e s .
Carbon  a r o m a t i c l t y  o f  hum atea  from a l a k e  s e d im e n t  was 361 
( I s h i w a t a r l ,  1 9 6 9 ) ,  a lo w e r  v a l u e  t h a n  t h e  4B t o  491 found f o r  s o i l  humic 
a c i d s  by W r ig h t  and  S c h n l t z e r  ( 1 9 6 1 ) ,  I s h i w a t a r l  (1969, 1970) may have 
u n d e r e s t i m a t e d  t h e  a r o m a t i c l t y  o f  s e d i m e n t a r y  humic a c i d s ,  In  a s  much 
aa  t h e  I n f r a r e d  and n u c l e a r  m a g n e t i c  r e s o n a n c e  bands  used  In  h i s  I n t e r ­
p r e t a t i o n s  a r e  I n v e r s e l y  r e l a t e d  t o  t h e  d e g r e e  o f  s u b s t i t u t i o n  and  
c o n d e n s a t i o n  o f  t h e  a r o m a t i c  r i n g s  { Ja c k so n ,  1 9 7 5 ) .
R a s h id  (1974) s u g g e s t e d  a h ig h  d e g r e e  o f  c o n d e n s a t i o n  f o r  
s o i l  humlc a c i d s  b a se d  on a r a t i o  o f  o p t i c a l  d e n s i t i e s  a t  465 and  665 
mm. A low d e g r e e  o f  c o n d e n s a t i o n  a p p e a r s  t o  b e  a c h a r a c t e r i s t i c  o f  
s e d im e n ta ry  o r g a n i c  m a t t e r .  S e d i m e n t s  were fo u n d  to  be  much r i c h e r  In 
a l i p h a t i c  t h a n  a r o m a t i c  compounds.  The p red o m in a n ce  o f  a l i p h a t i c  
s t r u c t u r e s  I n  hum atea  i n c r e a s e s  t h e i r  r e s i s t a n c e  to  c o a g u l a t i o n  by 
e l e c t r o l y t e s ,  an d  t h i s  may be I m p o r t a n t  In  t h e  t r a n s l o c a t i o n  o f  humic 
s u b s t a n c e s  an d  t h e i r  m e ta l  c o m p le x e s .
I n f r a r e d  s p e c t r a  o f  l a c u s t r i n e  and m a r in e  humlc a c i d s  have 
been  p u b l i s h e d  by I s h i w a t a r l  and  Hanya ( 1 9 6 5 ) ,  I s h i w a t a r l  (1 9 7 0 ) ,
Kemp ( 1 9 7 0 ) ,  and S te v e n so n  and Coh ( 1 9 7 1 ) .  The s p e c t r a  o f  s e d im e n ta r y  
humlc a c i d s  a r e  somewhat s i m i l a r  to  t h o s e  o f  s o i l  humlc a c i d s ,  b u t  th e  
most c h a r a c t e r i s t i c  f e a t u r e  o f  s e d i m e n t a r y  humate s p e c t r a  I s  s t r o n g  
ab so r b a n c e  n e a r  1640, 1540 ,  and  1050 cm- ^ ,  which  may be from p r o t e i n s  
and p o l y s a c c h a r i d e  l i n k a g e s  ( I s h i w a t a r l ,  1972,  1 9 7 3 ) .
S te v e n so n  and Goh (1971)  r e p o r t e d  I n f r a r e d  s p e c t r a  f o r  humic 
s u b s t a n c e s  from a v a r i e t y  o f  s o i l s  and a  l a k e  s e d im e n t .  The c l a s s i f i ­
c a t i o n  scheme was p r e s e n t e d  was based  on t h e  t y p e s  o f  a b s o r b a n c e s  
p r e s e n t < Type I  s p e c t r a  a r e  t h o s e  t y p i c a l l y  shown f o r  s o i l  humic a c i d s ,  
w i t h  s t r o n g  a b s o r b a n c e s  n e a r  3400, 2900, 1720, 1600 ,  and 1200 
The 1600 cm- ^ I s  abou t  e q u a l  I n  I n t e n s i t y  t o  t h e  one  a t  1720 cm- ^.
Type I I  s p e c t r a  a r e  shown by  low m o l e c u l a r  w e ig h t  f u l v l c  a c i d s  and a r e  
c h a r a c t e r i z e d  by a s t r o n g  1720 cm- * a b s o r b a n c e .  A second un ique  f e a t u r e  
i s  t h a t  t h e  a b so rb an c e  In  t h e  1600 cm- * r e g i o n  i s  weak and c e n t e r e d  
n e a r  1640 cm’"*. These s p e c t r a  a r e  s i m i l a r  t o  t h o s e  S c h n l t z e r  (1965) 
and  S c h n l t z e r  e £  a l * (1959) r e p o r t e d  f o r  a o i l  f u l v l c  a c i d s .  Many o f  
t h e  l a k e  f u l v l c  a c i d s  examined by I s h i w a t a r l  (1970) a r e  a l s o  o f  t h i s  
t y p e .  I n  a d d i t i o n  t o  t h e  m a j o r  bands shown by Type 1 and Type I I  
s p e c t r a ,  r e l a t i v e l y  s t r o n g  bands  a r e  e v i d e n t  n e a r  1540 cm- * and 1050 
cm- * f o r  t h e  Type I I I  s p e c t r a . .  A b so rb an c e s  n e a r  2900 cm- * a r e  more 
p ronounced .  I n  t h i s  c a t e g o r y  a r e  Mud Lake and P odzo l  B humic a c i d s .
The s p e c t r a  o f  t h e s e  humlc a c i d s  were  s i m i l a r  t o  t h o s e  o f  O ta u k i  and 
Hanya (1967) and o t h e r s  who r e p o r t e d  s e d i m e n t a r y  humlc a c i d  s p e c t r a  
m en t ioned  p r e v i o u s l y .
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I s h i w a t a r l  (1972)  o b t a i n e d  e l e c t r o n  p a r a m a g n e t i c  r e so n an c e  
s p e c t r a  f o r  some l a k e  and o c e a n  s e d i m e n t a r y  humlc a c i d s .  The ran g e  of  g 
v a l u e s  was  2>0032 t o  2 .0 3 5  w h ich  I s  s i m i l a r  t o  t h e  s o i l  humlc and fu lv l c  
a c i d  r a n g e ,  2 .0 0 2 5  t o  2 .0 0 ^ 3  ( S c h n l t z e r  and  S k i n n e r ,  1969) .  F ree  
r a d i c a l s  seem t o  c a u s e  t h e  EPR s i g n a l s  and may be  due to  sem iqu inones  
i n  a c o n d e n s e d  r i n g  s y s t e m ,  c a r b o n  o r  n i t r o g e n  c e n t e r  r a d i c a l s  In  th e  
m o l e c u l e ,  o r  r a d i c a l s  I n  t h e  m e t a l - o r g a n i c  c o m p le x e s .
NMR s p e c t r a  o f  t h e  f r a c t i o n a t e d  humlc a c i d s  from l a k e  and 
m a r in e  s e d i m e n t s  s u g g e s t e d  t h e  p r e s e n c e  o f  t h e  f o l l o w i n g  g ro u p s i  
t e r m i n a l  CH^, a c y c l i c  C l ^ ,  c y c l i c  CH2 , (ot —) CH2 ** bonded t o  C00H or  
00^2 a  *nd  CH3 bonded  t o  a r o m a t l c s ,  aCH2 , a&CH2 , aft CH bonded to 
a r o m a t i c s  and  OChj {I s h i w a t a r l ,  1 9 7 2 ) .  T h e re  w e re  no peaks  from 
a r o m a t i c  p r o t o n s .
S e v e r a l  o t h e r  t e c h n i q u e s  have b e en  u s e d  o c c a s i o n a l l y  to 
c h a r a c t e r i z e  s o i l  o r g a n i c  m a t t e r  b u t  a r e  n o t  r e v ie w e d  h e r e  s i n c e  t h e y  
do n o t  r e l a t e  t o  t h e  p r e s e n t  s t u d y .
I n t e r a c t j o n a  and r e a c t i o n s  o f  hum atea
Much c u r r e n t  huntate r e s e a r c h  a t t e m p t s  t o  d i s c e r n  humate 
s t r u c t u r e  an d  r e a c t i o n s  o f  humlc  s u b s t a n c e s  w i t h  o t h e r  e l e m e n t s ,  
m o l e c u l e s  and  c r y s t a l s  i n  t h e i r  e n v i r o n m e n t .  M o r t l a n d  (1970)  and 
G r e e n l a n d  (1971)  h a v e  r e v iew ed  r e s e a r c h  o n  i n t e r a c t i o n s  and complex 
f o r m a t i o n  r e a c t i o n s  b e tw e e n  c l a y s  and s o i l  o r g a n i c  m a t t e r .
I n  t h e  o c e a n ,  d e p o s i t i o n  o f  a l l o c h t h o n o u s  and a u to c h th o n o u s  
humic s u b s t a n c e s  I s  c o n t r o l l e d  by F l o c c u l a t i o n ,  and  by a d s o r p t i o n  on 
c l a y  p a r t i c l e s ,  i n c o r p o r a t i o n  i n  f e c a l  p e l l e t s  (B ordovsky ,  1965) ,  
a g g r e g a t i o n  on b u b b l e s  ( R i l e y ,  1 9 6 3 ) ,  and by h y d r a u l i c  f a c t o r s  t h a t
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r e g u l a t e  t h e  m e c h a n i c a l  d e p o s i t i o n  o f  s e d i m e n t s .  O t s u k l  and W e t z e l  
(1973) r e p o r t e d  t h a t  p r e c i p i t a t e d  c a l c i u m  c a r b o n a t e  may s c a v e n g e  humic  
m a t t e r  from w a t e r  i n  c e r t a i n  l a k e s  an d  t r a n s p o r t  I t  t o  bo t to m  s e d i m e n t s .  
C la y  m i n e r a l s  h ave  some t e n d e n c y  t o  f l o c c u l a t e  on  e n t e r i n g  t h e  s e a ,  b u t  
s o r b e d  o r g a n i c  m a t t e r  may k e e p  t h e  c l a y s  d i s p e r s e d  a c c o r d i n g  t o  N a r k l s  
<!t_ a l . (1968) ( J a c k s o n ,  1 9 7 5 ) .  The a d s o r p t i o n  o f  hum lc  m a t e r i a l s  by  
c l a y  m i n e r a l s  i s  e n h a n c e d  by  t h e  b r i d g i n g  e f f e c t  o f  m e t a l  Io n a  
( S c h n i t x e r ,  1 9 7 1 ) .
R ash id  c t  a l - (1 9 7 2 )  s t u d i e d  i n t e r a c t i o n s  o f  a  m a r i n e  humlc  
a c i d  f ro m  t h e  C a r i a c o  T ren ch  w i t h  c l a y  m i n e r a l s  a n d  a  n a t u r a l  s e d i m e n t ,  
w o r k i n g  i n  b o t h  f r e s h  w a t e r  and i n  3.5% WaCl s o l u t i o n .  I n  f r e s h  w a t e r ,  
c l a y s  s m a l l e r  t h a n  4 um a d s o r b e d  l e s s  t h a n  0.4% o f  t h e  humlc  a c i d ,  w h i l e  
i n  NaCl s o l u t i o n  t h e  same c l a y s  a d s o r b e d  2 .5%. I n c r e a s e d  a c i d i t y  o f  
t h e  r e a c t i o n  m ed ia  c au se d  e n h a n c e d  a d s o r p t i o n .  E x p e r i m e n t a l  a d s o r p t i o n  
p r o c e s s e s  were  a l m o s t  c o m p l e t e l y  r e v e r s i b l e  i n  r e s p o n s e  t o  c h a n g e s  i n  
e l e c t r o l y t e  c o n c e n t r a t i o n .  X - r a y  d i f f r a c t i o n  a n a l y s i s  i n d i c a t e d  t h a t  
t h e  c l a y  m i n e r a l  s t r u c t u r e  i s  u n a l t e r e d  i n  t h e  c o m p l e x .  I n f r a r e d  and 
the rm o g r a v i m e t r i c  m e a s u re m e n ts  s u g g e s t e d  t h a t  c a r b o x y l  g r o u p s  o f  humlc  
a c i d s  form c h e m i c a l  bonds w i t h  c l a y  m i n e r a l s .  S h o r t  t e r m  e x p o s u r e s  o f  
c l a y  m i n e r a l b t o  m a r i n e  h u m a te s  s h o u l d  p r o d u c e  p r e d o m i n a n t l y  p h y s i c a l  
a d s o r p t i o n ,  w h i l e  l i m i t e d  c h e m i c a l  b o n d i n g  t a k e s  p l a c e  t h r o u g h  t h e  
c a r b o x y l  g r o u p s .
The fo rm ,  m a t e r i a l s ,  an d  p e r f o r m a n c e  o f  u n d e r w a t e r  s t r u c t u r e  
depend  on  t h e  p h y s i c a l  and m e c h a n i c a l  p r o p e r t i e s  o f  t h e  s e d i m e n t s .  T h i s  
c o n c e r n  l e d  R a s h i d  a n d  Brown ( 1 9 7 5 )  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  
m a r in e  o r g a n i c  compounds on  t h e  e n g i n e e r i n g  p r o p e r t i e s  o f  a  r e m o ld e d  
s e d i m e n t .  The r e m o ld e d  u n d r a i n e d  s h e a r  s t r e n g t h ,  c o m p r e s s i b i l i t y ,
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and r h e o l o g l c a l  b e h a v i o r  o f  t h e  s e d i m e n t  w e re  s i g n i f i c a n t l y  a l t e r e d  by 
v a r i a t i o n s  I n  o r g a n i c  c o n t e n t .  I n  c o n t r a s t ,  e f f e c t s  o n  s p e c i f i c  g r a v i t y , 
p e r m e a b i l i t y ,  r a t e  o f  c o n s o l i d a t i o n ,  and u n d r a l n e d  s h e a r  s t r e n g t h  w e re  
n o t  m ark ed .
D e a a i  t i t  a l . (1970)  r e p o r t e d  t h a t  a l k a l a l  e a r t h  s u l f a t e s  
and r a r e  e a r t h  h y d r o x i d e s  w ere  s o l u b i l i z e d  s i g n i f i c a n t l y  by  m a r i n e  humlc 
a c i d s  I n  am m oniaca l  medium. I n  r e l a t e d  w o rk s  (K o sh y ,  D e s a l ,  and  G a n g u ly ,  
1969 ;  D e s a l  an d  G a n g u ly ,  1 9 7 0 ;  F i l i a l  e £  a l . ,  1 9 7 1 ) ,  m a r i n e  humlc  a c i d s  
w ere  shown t o  s o l u b i l i z e  some t r a c e  m e t a l s  and  r a d i o - n u c l i d e s ,  s u g g e s t i n g  
a m eans  f o r  t h e i r  i n t r o d u c t i o n  t o  t h e  fo o d  c h a i n .
K c C a l l l s t e r  (1964)  g a v e  c a t i o n  e x c h a n g e  c a p a c i t i e s  f o r  m a r i n e  
s e d i m e n t s  f rom  t h e  w e s t  M i s s i s s i p p i  d e l t a  a s  5 5 . 1  t o  6 4 . 4  meq/lOOg when 
o r g a n i c  m a t t e r  was  l e f t  i n t a c t ,  and  a s  5 4 . 7  t o  6 4 , 2  meq/lOOg i n  s e d i m e n t s  
w i t h o u t  o r g a n i c  m a t t e r .  R a s h i d  (1969)  n o t e d  up t o  a n  80% r e d u c t i o n  i n  
c a t i o n  ex ch a n g e  c a p a c i t y  o f  s e d i m e n t s  w i t h  r e m o v a l  o f  o r g a n i c  m a t e r i a l ,  
h o w e v e r .  I n  a  c o n t i n u i n g  i n v e s t i g a t i o n ,  R a s h i d  ( 1 9 7 1 )  f o u n d  t h a t  low 
m o l e c u l a r  w e i g h t  m a r i n e  humlc  a c i d s  c o m p le x e d  two t o  s i x  t i m e s  m ore  m e t a l  
t h a n  d i d  t h e  h i g h  m o l e c u l a r  w e i g h t  m o l e c u l e s ,  and  t h a t  t h e  d i v a l e n t  
m e t a l s  were  c o m p le x ed  t h r e e  t o  f o u r  t i m e s  more  e f f e c t i v e l y  t h a n  t r i v a l e n t  
m e t a l s .  S e d i m e n t a r y  humlc a c i d  was f o u n d  to  d i s s o l v e  l a r g e  q u a n t i t i e s  
o f  m e t a l s  from t h e i r  i n s o l u b l e  s a l t s  ( R a s h i d  and  L e o n a r d ,  1 9 7 2 ) .  The  
p r e s e n c e  o f  m a r i n e  humic a c i d s  i n  t h e  r e a c t i o n  m ed ia  p r e v e n t e d  t h e  f o r ­
m a t i o n  o f  I n s o l u b l e  m e t a l  s a l t s  u n d e r  c o n d i t i o n s  o t h e r w i s e  f a v o r a b l e  
to  p r e c i p i t a t i o n .  The s u g g e s t e d  mechanism  was f o r m a t i o n  o f  a s o l u b l e  
c om plex  b e tw een  m e t a l  and o r g a n i c  m a t t e r .  Enhanced  s o l u b i l i t y  an d  c o n ­
s e q u e n t  d e c r e a s e  i n  p r e c i p i t a t i o n  o f  m e t a l s  i n  c o n t a c t  w i t h  humlc com­
p o u n d s  was t h o u g h t  to  p l a y  a  r o l e  i n  m e t a l  a c c u m u l a t i o n  i n  s e d i m e n t a r y  
d e p o s i t s .
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From p r e l i m i n a r y  r e s u l t s  o n  u r a n iu m  s o l u t i o n s  I n  c o n t a c t  w i t h  
humlc m a t t e r ,  C a l v o  (1 9 7 4 )  c o n c l u d e d  t h a t  t h e  n a t u r e  an d  e f f i c i e n c y  of  
u ra n iu m —o r g a n i c  m a t t e r  a s s o c i a t i o n  d e p e n d s  on  t h e  d e g r e e  o f  c a r b o n i z a t i o n  
o f  t h e  humlc m a t e r i a l .  O r g a n i c  m a t t e r  I n i t i a l l y  h a s  a h i g h  c h e m i c a l  
a c t i v i t y  and  u r a n i u m  t e n d s  t o  o c c u r  i n  s t a b l e  o r g a n i c  a s s o c i a t i o n s .
As c a r b o n i z a t i o n  p r o c e e d s ,  u r a n iu m  fo r m s  i t s  own m i n e r a l s  i n d e p e n d e n t  
o f  o r g a n i c  m a t t e r .  G e o c h e m ic a l  e n r i c h m e n t  by humlc a c i d s  h a s  b e e n  no ted  
by S x a l a y  (1 9 6 4 )  an d  S z a l a y  an d  S z i l a g y t  ( 1 9 6 8 ) .  R a s h i d  (1974)  h a s  even
s u g g e s t e d  r e c o v e r i n g  t r a c e  m e t a l s  f rom  t h e  s e a  by f i l t r a t i o n  t h r o u g h
p e a t .  I n v e s t i g a t i o n s  o f  m e t a l  u p t a k e  by  s e d i m e n t s  h a v e  shown t h e  e f f e c t  
o f  o r g a n i c  m a t t e r  t o  be  s i m i l a r  t o  t h e  a b o e  o b s e r v a t i o n s  ( L a s h e e n ,  1974) .
A l b e r t s  et_ a l . (1 9 7 6 )  used  EPR s p e c t r o s c o p y  to  s t u d y  l a c u s t r i n e
o r g a n i c  m a t t e r  an d  fo u n d  t h a t  m anganese  was n o t  c h e m i c a l l y  bonded t o  
o r g a n i c  m a t t e r ,  b u t  was  c a r r i e d  i n  a  h y d r a t e d  s t a t e  o f  some p h y s i c a l  
a s s o c i a t i o n .  T h i s  o b s e r v a t i o n  m u s t  be c o n s i d e r e d  when a t t e m p t i n g  t o  
p r e d i c t  t h e  b e h a v i o r  o f  t r a c e  m e t a l - o r g a n i c  a s s o c i a t i o n s  i n  t h e  e n v i r o n ­
m ent .
I t  h a s  b e en  e s t a b l i s h e d  t h a t  s o i l  humlc s u b s t a n c e s  i n t e r a c t  
w i t h  o t h e r  c l a s s e s  o f  o r g a n i c  com pounds ,  f o r  e x a m p le ;  a l k a n e s ,  d i a l k y l  
p h t h a l a t e s ,  p e s t i c i d e s ,  and  f a t t y  a c i d s  i n  s o i l s  (Ogner  and S c h n i t z e r ,  
1970; S c h n i t z e r  and  K han ,  1 9 7 2 ) .  C o n ce rn  has  b e e n  e x p r e s s e d  t h a t  t h e  
e n v i r o n m e n t a l  I m p o r t a n c e  o f  humic s u b s t a n c e s  in  c o n t r o l l i n g  t h e  
t r a n s p o r t  and  s e d i m e n t a t i o n  o f  h y d r o p h o b i c  o r g a n i c  compounds  i n  w a t e r s  
and s e d i m e n t s  h a s  b e e n  u n d e r e s t i m a t e d  ( S c h n i t z e r  and N e y ro u d ,  1 9 7 5 ) .
Such h y d r o p h o b i c  compounds a r e  s i g n i f i c a n t  b e c a u s e  t h e y  i n c l u d e  t o x i c  
p o l l u t a n t s  an d  p e t r o l e u m  c o n s t i t u e n t s .
Summary o f  m a r i n e  humlc  a c i d  r e s e a r c h
M a r in e  s e d i m e n t a r y  humlc  a c i d s  h a v e  b e a n  ex am in ed  f ro m  t h e  
S e a  o f  J a p a n ,  t h e  Dead S e a ,  t h e  S c o t i a n  S h e l f  an d  S a a n i c h  I n l e t  o f  
C a n a d a ,  t h e  P a c i f i c  c o a s t s  o f  C a l i f o r n i a  and  O r e g o n ,  t h e  c o a s t  o f  I n d i a ,  
and  t h e  d e e p  P a c i f i c .
Many i s o l a t i o n  and p u r i f i c a t i o n  m e t h o d s  h a v e  b e e n  a p p l i e d  t o  
s o i l  humlc  a c i d s ,  bu t s e d i m e n t a r y  h u m a te s  have  o n l y  b e e n  i s o l a t e d  w i t h  
d i l u t e  b a s e  e x t r a c t i o n  f o l l o w e d  by  a c i d i f i c a t i o n  and  c e n t r i f u g a t i o n .  
P u r i f i c a t i o n  h a s  i n v o l v e d  r e p e a t e d  d i s s o l u t i o n  a n d  p r e c i p i t a t i o n ,  
d i a l y s i s ,  i o n  exchange  and  f r e e z e - d r y i n g .
F r a c t i o n a t i o n  o f  m a r i n e  h u m a te s  h a s  b e e n  c o n d u c t e d  m a i n l y  
w i t h  g e l  f i l t r a t i o n .  The f r a c t i o n s  o b t a i n e d  h a v e  d i f f e r e d  i n  c o m p l e t i n g  
a b i l i t y ,  b u t  a l l  f r a c t i o n s  had s i m i l a r  c h e m i c a l  and  p h y s i c a l  p r o p e r t i e s - 
S i n c e  humic  s u b s t a n c e s  a r e  n o t  u n i f o r m  i n  m o l e c u l a r  s h a p e ,  g r e a t  c a r e  
m us t  b e  e x e r c i s e d  i n  s t a n d a r d i z i n g  g e l  c o lu m n s  a n d  i n  I n t e r p r e t i n g  t h e  
r e s u l t s .
E l e m e n t a l  c o m p o s i t i o n ,  f u n c t i o n a l  g r o u p  a n a l y s i s ,  I n f r a r e d  
and  u l t r a v i o l e t  s p e c t r o p h o t o m e t r y ,  and EPR and NMR s p e c t r o s c o p y  h a v e  
b e e n  u s e d  t o  c h a r a c t e r i z e  m a r i n e  h u m s t e e .  E l e m e n t a l  c o m p o s i t i o n ,  
i n f r a r e d  s p e c t r a ,  and f u n c t i o n a l  g ro u p  a n a l y s e s  showed d i f f e r e n c e s  
b e tw e e n  t e r r e s t r i a l  and m a r i n e  humlc a c i d s .
M a r in e  humates  I n t e r a c t  w i t h  c l a y  m i n e r a l s  m o s t l y  by  p h y s i c a l  
a d s o r p t i o n  an d  h ave  some e f f e c t  on  t h e  e n g i n e e r i n g  p r o p e r t i e s  o f  s e d i m e n t s  
M e t a l s  h a v e  b e e n  found t o  be  c o m p le x ed  by  h u m a t e s .  I n t e r a c t i o n  o f  
m a r i n e  humlc  a c i d  w i t h  o t h e r  c l a s s e s  o f  o r g a n i c  compounds h a s  n o t  b e e n  
d e m o n s t r a t e d .  However,  low a p p a r e n t  c o n c e n t r a t i o n  v a l u e s  may be 
a n t i c i p a t e d  f o r  h y d ro p h o b ic  compounds i n  m a r i n e  s e d i m e n t s  when n o r m a l
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e x t r a c t i o n  m ethods  f o r  t h e s e  compounds a r e  u s e d ,  b e c a u s e  t h e r e  may be  
c o n s i d e r a b l e  I n t e r a c t i o n  o f  t h e s e  compounds w i t h  humlc s u b s t a n c e s ,  a s  
hSB b e e n  s u g g e s t e d  f o r  s o i l s .
OBJECTIVES, MATERIALS, AND METHODS
O b j e c t i v e s
The o b j e c t i v e  o f  t h i s  work was t h r e e f o l d .  The f i r s t  was to  
I s o l a t e  r e l a t i v e l y  u n a l t e r e d  and  low a s h  c o n t e n t  humlc a c i d s  f rom  m a r in e  
and e s t u a r l n e  s e d i m e n t s  u s i n g  G ascho  and S t e v e n s o n ' s  (1968)  t e c h n i q u e  
o f  h y d r o f l u o r i c  a c i d  (HF) p r o t r e a t m e n t  and e x h a u s t i v e  d i a l y s i s .  T h i s  
t e c h n i q u e  h a s  n o t  p r e v i o u s l y  b e e n  r e p o r t e d  f o r  t h e  I s o l a t i o n  o f  m a r i n e  
h u m a te s .  A s e c o n d  o b j e c t i v e  wag to  d e t e r m i n e  t h e  d i s t r i b u t i o n  o f  
s e d i m e n t a r y  hum lc  a c i d s  i n  some e s t u a r l n e ,  r e c e n t  c o a s t a l ,  and o c e a n i c  
s e d i m e n t s .  The  s e d i m e n t a r y  humlc a c i d s  f rom  t h e  a r e a s  c h o s e n  f o r  t h i s  
s t u d y  h a v e  n e v e r  b e e n  e x a m i n e d .  The f i n a l  o b j e c t i v e  was t o  c h a r a c t e r i z e  
and show t h e  v a r i a t i o n s  i n  t h e s e  e s t u a r l n e  an d  m a r i n e  s e d i m e n t a r y  humlc  
a c i d s  u t i l i z i n g  I n f r a r e d  s p e c t r o s c o p y ,  f u n c t i o n a l  g ro u p  a n a l y s i s ,  and 
e l e m e n t a l  a n a l y s i s .
Sample  d e s c r i p t i o n
S a m p l i n g  d a t a ,  I n c l u d i n g  l o c a l  t i m e ,  w a t e r  d e p t h ,  l a t i t u d e  
and  l o n g i t u d e ,  a r e  r e c o r d e d  I n  T a b l e  1 .  NC s a m p l e s  w ere  o b t a i n e d  In  
a n  open  d r e d g e  f a s h i o n  i n  c o n j u n c t i o n  w i t h  a  f i s h  t r a w l i n g  s u r v e y .
A l l  o t h e r  s a m p l e s  w ere  t a k e n  w i t h  a  s m a l l  g r a b  s a m p l e r .  Sam ples  were  
f r o z e n  a t  - 1 0 ° C  i m m e d i a t e l y  a f t e r  c o l l e c t i o n .  F i g u r e s  1 ,  2 ,  an d  3 
show a p p r o x i m a t e  sam ple  l o c a t i o n s  an d  d e s i g n a t i o n s .
S a m p le  BC was removed f rom  a s m a l l  b a s i n  w h ic h  h a s  a  s h a l l o w  
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F i g u r e  1. Approximate  l o c a t i o n s  o f  a l l  s a m p l e s
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in f lo w ,  s l i g h t  t i d a l  a c t i o n ,  and la  a n a e r o b ic  * Host sed im en ta ry  
o rg a n ic  m a t t e r  appears  to  come from e e l g r a s s  ( Z o o s t e r a ) . Sample BC 
vaa f r e e z e - d r i e d  and passed  th ro u g h  a 2 mm s i e v e . '
Sample ER was ta k e n  from the  s o u t h e r n  branch  of  t h e  E l i z a b e t h
R ive r .  I t  was b la ck ,  a n a e r o b i c ,  and a p p a r e n t l y  devoid  o f  p l a n t  o r  animal
f ragm en ts .  Small g lobs  o f  p e t r o l e u m - l i k e  m a t e r i a l  evolved from t h e  s e d i ­
ment as  t h e  grab s u r f a c e d ,  fo rming smal l  s l i c k s .  I n d u s t r i a l  a c t i v i t y  
l a  c o n c e n t r a t e d  in  t h i s  a r e a  and th e r e  a r e  many o i l  s p i l l s  from f u e l  
h a n d l in g  o p e r a t i o n s .  The sample was f r e e z e - d r i e d  and passed  th rough  
a 2 mm Hieve.
Sample VB was beach sand taken  a t  t h e  f e r r y  p i e r  on t h e  York 
R iver  a t  the  V i r g i n i a  I n s t i t u t e  of  Kar ine  S c ie n ce ,  S u r face  sand  was 
scooped from above the  s u r f  zone in  an a r e a  o c c a s i o n a l l y  submerged by 
s torms and sp r in g  t i d e s .  The sand was f r e e z e - d r i e d  and passed  th rough  
a 2 mm s i e v e .
Sample HP was from a  p e a t  bog on t h e  f r i n g e  of  a s m a l l  pond
w i th  f r e s h  w ater  In f low ,  a d j a c e n t  to the  York R iv e r .  The pond and the
bog a r e  a t  the  same e l e v a t i o n ,  s l i g h t l y  above the  r i v e r  a t  mean h igh  
w a te r .  During extremely  h ig h  t i d e s  and heavy r a i n s ,  the  a r e a  i s  f lu sh e d  
w ith  s a l t  and f r e s h  w a t e r ,  r e s p e c t i v e l y .  T h i s  sample c o n ta i n e d  a con­
s i d e r a b l e  amount of decomposing p l a n t  m a t e r i a l .  The sed iment was 
f r e e z e - d r i e d  and passed th ro u g h  a 2 n  s i e v e .
Sample WP was from t h e  H a t t ap o n l  R iv e r  near  the  j u n c t i o n  
w i th  t h e  Pamunkey R iver  ( fo rm ing  t h e  York R i v e r ) .  There was much decaying  
v e g e t a t i o n  In  the s ed im en t ,  p ro b a b ly  r e s u l t i n g  from marsh p l a n t s ,  u rban  
w a s t e s ,  and the  e f f l u e n t  o f  a p aper  m i l l  l o c a t e d  a t  West P o i n t ,  Va.
This  sample wee o v en -d r ied  a t  5Q°C and ground to  pa as  a 1 mm s i e v e .
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Sample HP was from t h e  M a t t a p o n l  R iv e r  a t  Walker t o n  , Va.
The w a t e r  vae  f r e s h  w i th  o c c a s i o n a l  s a l t  w a t e r  I n t r u s i o n .  The w a te r  
a p p e a r e d  a b r i l l i a n t  y e l lo w  t h a t  gave  t h e  r i v e r  a r e d d i s h - b r o w n  hue .
The r i v e r  was fo l lo w e d  15 Ion f a r t h e r  u p s t r e a m  to  A y l e t t ,  V i r g i n i a )  
where  t h e  w a t e r  was more I n t e n s e l y  c o l o r e d .  Sediment  co u ld  n o t  be ob­
t a i n e d  here  a s  t h e  g rab  sam pler  would n o t  b i t e  g r a v e l .  At HP, a p p r o x i ­
m a t e l y  15Z o f  t h e  sed im ent  would n o t  p a s s  a  2 mm s i e v e  and some 
d i s c e r n i b l e  p l a n t  f r agm en ts  were n o t e d .  T h e re  was no i n d u s t r y ,  low 
p o p u l a t i o n  d e n s i t y ,  and some a g r i c u l t u r e .  The sed im en t  was f r e e z e - d r i e d  
and p a s s e d  th rough  a 2 mm s i e v e .
NC s e r i e s  samples  were s h e l f  and  s l o p e  s e d im e n t s  from th e  
N o r f o l k  Canyon a r e a ,  l o c a t e d  on V i r g i n i a ' s  o u t e r  c o n t i n e n t a l  s h e l f ,  
and  t a k e n  a t  d e p th s  from 90 to  3000 m e t e r s .  Host  NC sam ples  had no 
v i s i b l e  f l o r a  o r  f au n a .  A few were d e n s e l y  p o p u l a t e d ,  m o s t ly  w i t h  
b r i t t l e  s t a r s ,  and were  d i s c a r d e d  a s  t h e  e x c e s s i v e  amount o f  l i v i n g  
m a t e r i a l  made humate e x t r a c t i o n  i m p r a c t i c a l .  NC-1 was f r e e z e - d r i e d  
and p a s s e d  th ro u g h  a 2 mm s i e v e .  The o t h e r  e i g h t e e n  NC sam p les  were 
o v e n - d r i e d  a t  50“C and ground to  p a s s  a 1 mm s i e v e .
E x t r a c t i o n  p ro c e d u re
The method adopted  here  was d e v e lo p e d  by Gascho and Stevenson 
( I 9 6 0 )  and adap ted  t o  our  samples  ( F i g .  4 ) .  F i f t y  grams of sed im en t  
w ere  p l a c e d  I n  a d i a l y s i s  bag c o n t a i n i n g  200 ml o f  0 . 3  N HF. The bags 
w ere  suspended  in  l i n e a r  p o l y e t h y l e n e  b u c k e t s  f i l l e d  w i th  0 . 3  N HF.
T h i s  HF p r e t r e a t m e n t  l a s t e d  from 46 t o  72 h o u r s ,  depend ing  d i r e c t l y  on 
t h e  e s t i m a t e d  c l a y  and c a r b o n a te  c o n t e n t  o f  t h e  s e d im e n t .  The re  were 
a  minimum of  t h r e e  changes  o f  HF i n  t h e  b u c k e t s  d u r i n g  t h i s  t im e .


























N e x t ,  t h e  b a g s  w a re  s u r r o u n d e d  w i t h  d i s t i l l e d  w a t e r  f o r  72 h o u r s ,  a g a i n  
w i t h  a  min imum o f  t h r e e  c h a n g e s . D i a l y s i s  b a g s  and s u r r o u n d i n g  s o l u t i o n s  
w e r e  a g i t a t e d  b y  n a g n e t l c  s t i r r e r s  i n  o r d e r  to  m axIra i re  d i a l y s i s  r a t e .
The  p r e c e d i n g  l a  r e f e r r e d  t o  a s  e x t r a c t i o n  p r e t r e a t m e n t .
I n  t h e  e x t r a c t i o n  p h a s e  o f  t h e  sample  p r o c e s s i n g ,  a l l  I n s h o r e  
s a m p l e s  I n  t h e  d i a l y s i s  b a g s  w e r e  a d j u s t e d  t o  pH 8 w i t h  0 , 2  M Na^P2 0 ^, 
s u r r o u n d e d  w i t h  0 . 2  M Na^P20^ t a g i t a t e d  f o r  one h o u r ,  an d  a l l o w e d  to  
s i t  f o r  o n e  h o u r .  The s u p e r n a t a n t  s o l u t i o n  was d e c a n t e d  from e a c h  bag  
a n d  t h e  e x t r a c t i o n  was r e p e a t e d .  Two hundred ml o f  0 . 0 3  N NaOH was 
a d d e d  t o  e a c h  b a g  a f t e r  t h e  c o m p l e t i o n  o f  t h e  p y r o p h o s p h a t e  e x t r a c t i o n .  
The  b a g s  w e r e  a g i t a t e d  f o r  24 h o u r s  I n  0 .03  N NaOH, t h e  s u p e r n a t a n t  
l i q u i d  d e c a n t e d ,  and t h e  p r o c e d u r e  r e p e a t e d .  E i t h e r  e x t r a c t i o n  was 
c o n t i n u e d  u n t i l  t h e  s u p e r n a t a n t  l i q u i d  showed no c o l o r  o r  a  0 . 5  H NaOH 
e x t r a c t i o n  w a s  p e r f o r m e d  a f t e r  t h e  two d i l u t e  NaOH e x t r a c t i o n s .
I n d i v i d u a l  p y r o p h o s p h a t e  an d  NaOH e x t r a c t s  w ere  k e p t  s e p a r a t e  
t o  a l l o w  d e t e r m i n a t i o n  o f  p r o c e d u r a l  e f f i c i e n c i e s  a t  e a c h  s t e p .  T h i s  
s e p a r a t i o n  w as  d i s c o n t i n u e d  f o r  t h e  NC s e r i e s  s a m p l e s ,  a s  s u f f i c i e n t  
e f f i c i e n c y  i n f o r m a t i o n  had b e e n  o b t a i n e d .  E x t r a c t s  w e re  c e n t r i f u g e d  
an d  f i l t e r e d  t o  remove r e m a i n i n g  c l a y  p a r t i c l e s  and  d i l u t e  HC1 was 
a d d e d  t o  b r i n g  t h e  e x t r a c t  pH t o  7 .  F i n a l l y  t h e  s o l u t i o n s  were  d i a l y z e d  
a g a i n s t  d i s t i l l e d  w a t e r  f o r  72 h o u r s ,  d i l u t e  HF f o r  72 t o  96 h o u r s ,  and 
d i l u t e  HCl f o r  72 t o  96 h o u r s  w i t h  f r e q u e n t  c h an g e s  o f  d l a l y z l n g  s o l u t i o n .  
L a r g e  v o l u m e s  r e s u l t i n g  f ro m  t h i s  12 to  14 day p r o c e d u r e  w e re  r e d u c e d  
b y  d e c a n t i n g  s u p e r n a t a n t  f l u i d s  a f t e r  t h e  c o a g u l a t e d  o r g a n i c  m a t t e r  
w as  a l l o w e d  t o  p r e c i p i t a t e ,  g e n e r a l l y  a f t e r  24 and 48 h o u r s .  C e n t r i ­
f u g a t i o n  t h e n  y i e l d e d  humlc a c i d s .  The s u p e r n a t a n t  l i q u i d s ,  w h ic h  c o n ­
t a i n e d  t h e  a c i d  s o l u b l e  f u l v i c  a c i d s ,  were  d i s c a r d e d .
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Reagent b la n k s  were  r u n  th r o u g h  a l l  e x t r a c t i o n  p ro c e d u re s *
Humlc a c i d s  e x t r a c t e d  by p y r o p h o s p h a t e ,  d i l u t e  NaOH, and c o n c e n t r a t e d  
NaOH were k e p t  s e p a r a t e ,  f r o z e n  Im m ed ia te ly  a f t e r  I s o l a t i o n ,  f r e e z e -  
d r i e d ,  and s t o r e d  In  a d e s s i c a t o r .
The o f f s h o r e  o r  NC s e r i e s  s am ples  were  t r e a t e d  s l i g h t l y  
d i f f e r e n t l y  i n  t h a t  t h e  c o n t e n t s  o f  t h e  d i a l y s i s  b a g s  were t r a n s f e r r e d  
t o  t e f l o n - c a p p e d  g l a s s  b o t t l e s  a f t e r  t h e  p r e t r e a t m e n t . E x t r a c t i o n s  
c onduc ted  in  t h e s e  b o t t l e s  were  r e p e a t e d  w i th  48 hou r  e x t r a c t i o n  t im e s  
i n  Na^P2t>7 , s i m i l a r l y  r e p e a t e d  w i t h  0 .0 3  N NaOH, and  f i n a l l y  w i t h  0 . 5  
N NaOH u n t i l  c o l o r l e s s  s u p e r n a t a n t  s o l u t i o n s  r e s u l t e d .  The e x t r a c t s  
were t h e n  t r e a t e d  a s  d e s c r i b e d  a b o v e .
Y i e l d s  of  humlc a c i d s  i n  t h e  l y o p h i l i z e d  sam ples  were d e te r m in e d  
g r a v i m e t r l c a l l y , M ois tu re  c o n t e n t  was o b t a i n e d  f rom  w e ig h t  l o s s  a f t e r  
d r y i n g  f o r  2 h o u r s  a t  110°C, and a s h  c o n t e n t  was c a l c u l a t e d  from f u r t h e r  
weight l o s s  i n  a m u f f le  f u r n a c e  a t  6Q0°C, The y i e l d  o f  humlc a c i d  i s  
g iv e n  h e r e  on a d ry ,  a s h - f r e e  b a s i s .  M u l t i p l e  w e i g h i n g s  were used  
th ro u g h o u t  t o  p e rm i t  an e v a l u a t i o n  o f  g r a v i m e t r i c  p r e c i s i o n .
F u l v i c  and humlc a c i d s  i n  t h e  s e d i m e n t a r y  o r g a n i c  m a t t e r  were  
s e p a r a t e d  by s o l u b i l i t y  In  a c i d i c  s o l u t i o n s .  Humlc a c i d s  and e x t r a c t e d  
sed im en t  were saved  f o r  a n a l y s i s  w h i l e  t h e  f u l v i c  a c i d s  were d i s c a r d e d .  
D i a l y s i s  removed moat o f  t h e  o r g a n i c  m a t t e r  o f  m o l e c u l a r  w e ig h t  l e s s  
t h a n  5000.
F u n c t i o n a l  g roup a n a l y s i s
F u n c t i o n a l  group a n a l y s e s  u s e d  were recommended by S c h n i t z e r  
and Khan (1 9 7 2 ) .
T o t a l  a c i d i t y  o r  r e p l a c e a b l e  hydrogen was d e te r m in e d  by a d d in g
FLgure 4.  Flow d i a g r a m  o f  m o d i f i e d  e x t r a c t i o n  p r o c e d u r e .
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20 ml of 0 ,2  N Ba(OH>2 t o  between 50 and 100 mg o f  humlc a c i d ,  f o l l o w e d  
by sh ak in g  f o r  40 to  72 h o u r s  i n  a  n i t r o g e n  a tm o s p h e r e .  The r e s u l t i n g  
s u s p e n s i o n  was f i l t e r e d  and washed w i t h  CC>2- f r e e  d i s t i l l e d  w a t e r  and  
t i t r a t e d  to  pH 8 . 4  w i t h  0 . 5  N HC1. Reagent  b l a n k s  of  20 ml 0 ,2  N BafOlOj 
were t r e a t e d  s i m i l a r l y .
For c a r b o x y l  g ro u p s ,  50 t o  100 mg o f  humlc a c i d ,  10 ml o f  1 . 0  
N ca lc ium  a c e t a t e  and 40 ml C02- f r e e  d i s t i l l e d  w a t e r  were  mixed and 
s haken  f o r  48 to  72 h o u rs  a t  room t e m p e r a t u r e .  The s u s p e n s i o n  was 
f i l t e r e d ,  the  r e s i d u e  washed w i t h  d i s t i l l e d  w a t e r ,  and th e  f i l t r a t e  
t i t r a t e d  w i th  0 .1  N NaOH t o  pH 9 . 8 .  B lanks  c o n s i s t e d  o f  10 ml of  1 . 0  N 
c a l c iu m  a c e t a t e  i n  40 ml C02- f r e e  d i s t i l l e d  w a t e r .
No d i r e c t  measurement I s  a v a i l a b l e  f o r  t h e  d e t e r m i n a t i o n  of  
p h e n o l i c  hydroxyl  g r o u p s .  The d i f f e r e n c e  be tw een  t o t a l  a c i d i t y  and  
c a rb o x y l  group c o n t e n t  was r e p o r t e d  a s  t h e  p h e n o l i c  h y d ro x y l  c o n t e n t .
F ive o r  more r e p l i c a t e s  and s e v e r a l  b l a n k s  were run  f o r  e a c h  
g roup a n a l y s i s  o f  an humlc i s o l a t e ,  e x c e p t  i n  t h e  c a s e s  where t h e r e  was 
i n s u f f i c i e n t  o r g a n i c  m a t t e r .  F u n c t i o n a l  g roup a n a l y s i s  was pe r fo rm ed  
on each  i s o l a t e ,  t h e  p y ro p h o s p h a te  and t h e  sodium h y d r o x id e  s o l u b l e  
m a t e r i a l s .  In a d d i t i o n ,  a m a s s - a v e r a g e  f u n c t i o n a l  g roup  c o n t e n t  was 
c a l c u l a t e d  f o r  e ach  group based  on th e  r e l a t i v e  c o n t r i b u t i o n s  o f  each  
f r a c t i o n .
I n f r a r e d  a n a l y s i s
I n f r a r e d  s p e c t r a  weTe o b t a i n e d  w i t h  a P e r k ln - H lm e r  237B 
g r a t i n g  s p e c t r o p h o t o m e t e r .  A t tem pts  were  made t o  d i s s o l v e  samples  BC 
and ER in  v a r io u s  s o l v e n t s  and r e c o r d  s p e c t r a  o f  t h e  s u b s t a n c e s  when 
r e d i s s o l v e d  in  CCl^.  T h i s  was abandoned due to  s o l u b i l i t y  l i m i t a t i o n s
and a l l  s am ples  were r u n  a s  KBr p e l l e t s .  I n f r a r e d  s p e c t r a  p e r m i t t e d  
t h e  g r o s s  humlc a c i d  e x t r a c t  t o  be  compared w i th  e x t r a c t  a n a l y s i s  of  
s o i l  humates  (Goh, 1969; S t e v e n s o n  and  Goh, 1971; S c h n i t z e r  and Khan, 
1972) and o f  l a k e  and m a r in e  s e d i m e n t a r y  humlc a c i d s  ( I s h i v a t a r l ,  1972) .
E le m e n ta l  a n a l y s i s
N in e te e n  s e l e c t e d  humate  I s o l a t e s  were s e n t  t o  G a l b r a i t h  
L a b o r a t o r i e s ,  I n c . ,  ( K n o x v i l l e ,  T e n n . ) ,  f o r  c a r b o n ,  hyd rogen ,  n i t r o g e n ,  
and s u l f u r  e l e m e n t a l  a n a l y s i s .  Oxygen c o n t e n t  was c a l c u l a t e d  by d i f ­
f e r e n c e  be tween  t h e  t o t a l  o f  t h e  above  e l e m e n t s  and t h e  amount of  
m a t e r i a l  a n a l y z e d .
RESULTS
O b s e r v a t i o n s  on the  method and e x t r a c t i o n  r e s u l t s
NC samples were s l i g h t l y  d i s t u r b e d  s i n c e  t h e y  were  c o l l e c t e d  
by an open-ended  d redge .  D ur ing  t r a n s i t  to  t h e  s u r f a c e ,  t h e  c o l l e c t e d  
sed im en t  had some c o n t a c t  w i t h  t h e  w a t e r  column. Grab  o r  c o r e  sam ples  
would have been  p r e f e r a b l e  b u t  w ere  p rec luded  by s h i p - t i r a e  l i m i t a t i o n s .
In  o r d e r  to  m in im ize  liumic a c id  a l t e r a t i o n ,  sam p les  were 
f r e e z e - d r i e d  o r  o v e n - d r i e d  J u s t  b e f o r e  e x t r a c t i o n .  L y o p h i l i z e d  s e d i m e n t s  
s i e v e d  more e a s i l y ,  bu t  b o th  m e thods  gave s i m i l a r  e x t r a c t i o n  e f f i c i e n c i e s .
The m od i f ied  form o f  t h e  Gascho and S tev en so n  (1968)  p r o c e d u r e ,  
shown i n  F ig u r e  1, has  been  u s e d  th ro u g h o u t  t h i s  work ,  y i e l d i n g  s a t i s ­
f a c t o r i l y  low ash  c o n t e n t s .  S t e v e n s o n  ( p e r s o n a l  com m unica t ion)  recommended 
i t  f o r  s ed im e n ts  c o n t a i n i n g  r e l a t i v e l y  l a r g e  amounts o f  c l a y .  Some 
p u b l i s h e d  methods quo te  lower  a s h  v a l u e s ,  but r e l y  on more v i g o r o u s  
e x t r a c t i o n  a s  w e l l  as r e p e t i t i v e  d i s s o l u t i o n  and p r e c i p i t a t i o n .  The 
p r e s e n t  a u t h o r  b e l i e v e s  t h a t  su ch  v ig o r o u s  t r e a tm e n t  a l t e r s  t h e  n a t u r e  
of t h e  humlc a c i d s .
A l t e r a t i o n s  to  t h e  method were n e c e s s i t a t e d  by th e  n a t u r e  o f  
th e  s e d i m e n t s .  Since t h e  c l a y - l i k e  NC samples c logged  th e  d i a l y s i s  
p o r e s ,  sed im ent  and s u p e r n a t a n t  l i q u i d  f i l l e d  th e  d i a l y s i s  b a g s ,  l e a v i n g  
no room f o r  t h e  e x t r a c t i o n s  t o  be c o n d u c te d .  A c c o r d i n g l y ,  t h e  s u p e r ­
n a t a n t  l i q u i d  and sed im ent  w ere  t r a n s f e r r e d  to  a  t e f l o n  l i n e d  screw  
topped b o t t l e  which was used  a s  an  e x t r a c t i o n  v e s s e l .
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A s e r i e s  of  JC and NC 1 subsam ples  were e x t r a c t e d  In both 
d l a l y s  Is  bags and In  an e x t r a c t i o n  v e s s e l  w i th  no s i g n i f i c a n t  d i f f e r e n c e  
in  the  q u a n t i t y  o r  p h y s i c a l  p r o p e r t i e s  o f  t h e  humlc a c i d  o b ta in e d .  
E x t r a c t i o n  t imes had t o  be i n c r e a s e d  t o  48 hours  f o r  t h e  NC samples 
and the  suspended c l a y  a l l o w e d  t o  s e t t l e  b e f o r e  d e c a n t a t i o n  o f  th e  
s u p e r n a t a n t  l i q u i d .  In  m os t  c a s e s ,  so  much sed im en t  was suspended t h a t  
I t  was n e ce s sa ry  t o  c e n t r i f u g e  th e  e n t i r e  volume o f  e x t r a c t .  For a 
few o f  the  l a r g e r  g r a i n  s i z e  s ed im en t  samples  i n s h o r e ,  c e n t r i f u g a t i o n  
was no t  needed, and th e  s u p e r n a t a n t  l i q u i d  was d e c a n t e d  two hours  
a f t e r  the  a g i t a t i o n  o f  e x t r a c t i o n  c e a s e d .  A l l  NC sam p le s  r e q u i r e d  
c e n t r i f u g a t i o n ,  and i n c r e a s i n g  th e  d u r a t i o n  o f  c e n t r i f u g a t i o n  lowered 
the  ash  c o n te n t  o f  t h e  humic a c i d  p r o d u c t .  The l a r g e  volume of  th e  
e x t r a c t  took  c o n s i d e r a b l e  t im e  t o  c e n t r i f u g e ,  and t h e r e  was incomple te  
s e p a r a t i o n  o f  e x t r a c t  and  sed im en t  due t o  u n a v o id a b l e  h a n d l in g  e r r o r s .
A f t e r  c e n t r i f u g a t i o n  and pH a d j u s t m e n t ,  t h e  e x t r a c t s  were 
e x h a u s t i v e l y  d i a ly z e d  a g a i n s t  d i s t i l l e d  w a te r  f o r  72 h o u r s ,  0 .1  N HF f o r  
96 h o u r s ,  and 0 .1  N HCl f o r  72 to  96 h o u r s .  E x t e n s io n  of  d i a l y s i s  t i m e s  
beyond th o se  used by Gascho and S tev en so n  was r e l a t e d  t o  t h e  concen­
t r a t i o n  o f  the  d i s s o l v e d  o r g a n i c  m a t t e r ,  and was d e t e r m i n e d  by the  r a t e  
of  c o a g u la t i o n  of humlc a c i d s  i n  th e  d i a l y s i s  t u b i n g .  T h i s  c o a g u l a t i o n  
t ime was d i r e c t l y  r e l a t e d  t o  t h e  c o l o r  i n t e n s i t y  o f  t h e  e x t r a c t .
The i s o l a t e s  examined i n  t h i s  s tu d y  c o n t a i n e d  o n ly  those  
humic ac id s  o f  m o le c u la r  w e i g h t  g r e a t e r  than  abou t  5000, which i n c l u d e s  
most o f  t h e  humic a c i d s  t h a t  would be i s o l a t e d  from sed im en ts  by any 
method. Fu lv ic  a c i d s  above  m o le c u la r  w e ig h t  5000 were  p r e s e n t  in  t h e  
s u p e r n a t a n t  s o l u t i o n s  a f t e r  d i a l y s i s  and c e n t r i f u g a t i o n  o f  the  c o a g u l a t e d  
humic a c i d s .  The s u p e r n a t a n t  s o l u t i o n s  were saved t e m p o r a r i l y ,  bu t  t im e
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d i d  no t  p e r m i t  t h e i r  a n a l y s i s *  H o s t  f u l v i c  a c i d s  a r e  low m o l e c u l a r  
w e ig h t  and a r e  n o t  found i n  e x t r a c t i o n  s u p e r n a t a n t s  b e c a u s e  t h e y  a r e  
l o s t  d u r i n g  p r i o r  d i a l y s i s .  A l l  d i a l y s i s  s o l v e n t s  and  th e  f u l v i c  a c i d s  
th e y  a cc u m u la te  were d i s c a r d e d *  The amount of  low m o l e c u l a r  w e ig h t  
o r g a n i c  m a t e r i a l  which e s c a p e d  d u r i n g  d i a l y s i s  a p p e a r e d  t o  be p r o p o r t i o n a l  
t o  t h e  c o l o r  i n t e n s i t y  o f  t h e  e x t r a c t s ,  bu t  t h i s  o b s e r v a t i o n  was n o t  
q u a n t i f i e d .
Reagent  b lan k s  run  t h r o u g h  th e  e n t i r e  p r o c e d u r e  gave Im m easurab ly  
sm a l l  t r a c e s  o f  c o n t a m i n a t i o n .
R e s u l t s  o f  t h e  humic a c i d  e x t r a c t i o n s  a r e  g i v e n  i n  Tab le  2.
The humic a c i d  y i e l d  i s  p r e s e n t e d  a s  mg/g sed im en t  o f  d r y ,  a s h - f r e e  humic 
a c i d  (D .A ,F .H .A . ) .  Appendix I  c o n t a i n s  more c o m p le t e  e x t r a c t i o n  d a t a  
i n c l u d i n g  sample  d e s i g n a t i o n ,  e x t r a c t a n t  and number o f  e x t r a c t i o n s ,  
f r e e z e - d r i e d  y i e l d  o f  raw humlc a c i d ,  weight p e r c e n t s  o f  w a te r  and a s h  
in  raw humic a c i d ,  O.M. f a c t o r  ( w e i g h t  o f  D.A.F.H.A. d i v i d e d  by t h e  
weight o f  raw humlc a c i d ) ,  and t h e  d ry  weight o f  t h e  e x t r a c t e d  s e d i m e n t .
The r e s u l t s  o f  r e p l i c a t e  a n a l y s i s  on s i n g l e  s am p le s ,  a l s o  
p r e s e n t e d  in  Appendix I ,  were a l s o  i n  good a g r e e m e n t .  T ab le  2 p r e s e n t s  
th e  r e s u l t s  o f  r e p l i c a t e d  e x t r a c t i o n s .  Seven s e p a r a t e  HP e x t r a c t i o n s  
gave an  a v e r a g e  D,A,F,H.A. o f  1 8 . 9  mg/g w i th  a s t a n d a r d  d e v i a t i o n  o f  
2 ,93 mg/g .  Average  v a r i a t i o n  from th e  mean was 11 .1%, w i th  a maximum 
v a r i a t i o n  o f  21,0%. Two p y r o p h o s p h a t e  and two sodium h y d ro x id e  e x t r a c t i o n s  
were u sed  i n  o b t a i n i n g  t h e s e  humlc a c i d  v a lu e s .
JC subsam ples  were e x t r a c t e d  u s in g  two c o n d i t i o n s .  The 
f i r s t  s i x  sam ples  were e x t r a c t e d  w i t h  the  same c o n d i t i o n s  r e p o r t e d  f o r  
t h e  HP s u b s a m p le s ,  and t h e  l a s t  s i x  were e x t r a c t e d  t w i c e  w i th  p y r o p h o s p h a t e ,  
tw ic e  w i t h  sodium h y d r o x i d e ,  and  f i n a l l y  w i th  c o n t i n u e d  sodium h y d r o x i d e
Table  2, Y ie ld s  of  humlc a c i d  (d r y ,  a s h - f r e e ) ,  rag/g s e d im e n t .
C o n c e n t r a t i o n ,
Sample #of S t a n d a r d V a r i a t i o n  from
Design . ms/s R e p l i c a t e s D e v i a t i o n mean, %
BC 1.44 n,  a . n . a . n . a .
ER 1.50 n.  a . n . a . n . a .
VB 0 .0 8 n . a . n . a . n . a .
HP 18.91 7 2 .9 3 U . l
J C 7.25 13 1 .1 7 1 4 .0
JC* 13.79 6 1 .8 1 10.6
QP 15.39 1 - -
HP 6.53 2 - 1 ,2
NC 1 3 .88 4 0 .1 8 0 .5
NC 2 0 .62 1 - -
NC 3 0 .49 1 - -
NC 4 4. 76 1 - -
NC 5 1 .12 2 - 2 .8
NC 6 2 .32 2 - 0 .9
NC 7 “ 3 .03 2 - 1.7
NC 8 7 .10 1 - -
NC 9 6.71 2 - 0 .1
NC 11 4.36 2 - 1 .8
NC 12 1.42 2 - 7 . 0
NC 13 4 .72 1 - -
NC 14 2.83 2 - 3 .9
NC 15 1 . 30 2 0 .0
NC 16 4.84 2 - 4 ,3
NC 17 6,33 2 1 ,6
NC 18 3.97 1 -
NC 19 6 .3 6 1 - -
NC 20 4 .58 1 — —
JC ’- R e s u l t s  based upon two p y ro  and two NaOH e x t r a c t i o n s .  
JC * - R e s u l t s  based upon e x t r a c t i o n  u n t i l  c o l o r l e s s .
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e x t r a c t i o n  u n t i l  c o l o r l e s s  e x t r a c t s  were o b t a i n e d .  The f i r s t  s i x  
subsamples gave a mean D.A.F.H.A. o f  7 ,25  mg/g w i th  s t an d a rd  d e v i a t i o n  
1 .17  ttig/fi, a mean v a r i a t i o n  o f  13-98%, and a maximum v a r i a t i o n  o f  23.45%. 
The l a s t  s i x  sub sam ples ,  u s i n g  extended  e x t r a c t i o n ,  had a mean D.A .F .H.A .  
o f  13 .79  mg/g w i th  1.81 mg/g s t a n d a r d  d e v i a t i o n ,  a mean v a r i a t i o n  of  
10.62% and a 20,23% maximum v a r i a t i o n .
R e p l i c a t e  subsamples  were run on t h e  NC s e r i e s  wheTe s u f f i c i e n t  
amounts o f  m a t e r i a l  were a v a i l a b l e  f o r  e x t r a c t i o n .  NC 1 was r e p l i c a t e d  
fo u r  t im e s ,  however an a c c i d e n t  on the  second r e p l i c a t i o n  e l i m i n a t e d  i t  
from s t a t i s t i c a l  c o n s i d e r a t i o n .  The av e rag e  D.A.F.H.A. was 3.8R mg/g 
w i th  a s tan d a rd  d e v i a t i o n  o f  0 .1 8  mg/g,
E x t r a c t i o n s  f o r  t h e  fo l low ing  samples  were d u p l i c a t e d :  NC 5,
2.85% v a r i a t i o n  from th e  mean humic a c id  c o n c e n t r a t i o n ;  f o r  NC 6 t h e  
f i g u r e  was 0.86%; f o r  NC 7 ,  1.68%; f o r  NC 9,  0.15%; f o r  NC 11 , 1.83%; 
f o r  NC 12, 7.04%; f o r  NC 14, 3,89%; f o r  NC 15,  0.0%; fo r  NC 16, 4.33%;
NC 17,  1.58%. Two e x t r a c t i o n s  o f  HF subsamples  gave a maximum v a r i a t i o n  
from the  mean humic a c id  c o n c e n t r a t i o n  o f  1.23%. Samples NC 2 ,  NC 4 ,
NC 8 , NC 13, NC 18, NC 19,  and NC 20 cou ld  n o t  he subsampled , b u t  t h e i r  
p e r c e n t  v a r i a t i o n s  a r e  assumed s i m i l a r  to  t h o s e  e s t a b l i s h e d  above .
T o ta l  humic a c i d  c o n c e n t r a t i o n s  o f  BC and ER samples a r e  
u n c e r t a i n ,  because e x t r a c t i o n  was no t  c o n t in u e d  u n t i l  c o l o r l e s s  s o l u t i o n s  
were o b t a i n e d .  F o r t u n a t e l y ,  t h e  r e l a t i v e  c o n c e n t r a t i o n s  o f  humic a c i d s  
in  a l l  samples can be compared s i n c e  a l l  e x t r a c t i o n s  began w i t h  two 
pyrophospha te  and two d i l u t e  sodium hydrox ide  s o l u t i o n s .  Humlc a c i d s  
c o l l e c t e d  from each p o r t i o n  o f  t h e  e x t r a c t a n t  were recorded  s e p a r a t e l y .  
Th is  s e p a r a t i o n  was m a in t a in e d  to  de te rm ine  d i f f e r e n c e s  in  ash  c o n t e n t ,
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m o is tu re  c o n t e n t ,  I n f r a r e d  s p e c t r a ,  and f u n c t i o n a l  group a n a l y s i s  o f  
humic a c i d s  ob ta ined  by p a r t i c u l a r  e x t r a c t a n t s .
Three r e p l i c a t e  e x t r a c t i o n s  were a t t em p ted  on VB but  I t  was
so low In humic a c id  c o n c e n t r a t i o n  t h a t  c o a g u la te d  huroates were combined
to  l e s s e n  e r r o r  In  y i e l d  d e t e r m i n a t i o n .
Some u s e f u l  s t a t i s t i c a l  i n f o r m a t i o n  was de r ived  from HP and 
JC e x t r a c t i o n  s e r i e s .  HP bad the  l a r g e s t  humic a c id  c o n c e n t r a t i o n ,
18.91 mg/g,  which i s  l o g i c a l  f o r  a p e a t  sample .  The JC s e r i e s  proved 
t h a t  c o n t in u in g  sodium hydrox ide  e x t r a c t i o n  u n t i l  s o l u t i o n s  were c o l o r l e s s  
produced an almost doubled  y i e l d  o f  humic a c i d .  That i s ,  o n ly  h a l f  the  
humic a c i d  was removed by two p y ro p h o sp h a te  and two sodium hydrox ide  
e x t r a c t i o n s .  The most e f f i c i e n t  p ro c e d u re  l a  to fo l low  th e se  fou r  
e x t r a c t i o n s  w i th  a 0 .5  N NaOH e x t r a c t i o n  u n t i l  the  s o l u t i o n  i s  c o l o r l e s s .  
S ince  HP was not so t r e a t e d ,  the  r e p o r t e d  r e s u l t s  a r e  p ro b a b ly  low.
A l l  NC s e r i e s ,  h a l f  the  JC subsamples ,  WF and KP were g iven  th e  most 
e f f i c i e n t  e x t r a c t i o n .
The NC samples tak en  from the  s h e l f  and s lope  were from a 
d i f f e r e n t  environment th a n  the  in s h o r e  s am p les .  The c o n c e n t r a t i o n  
d i s t r i b u t i o n  over  the  NC s t a t i o n s  i s  g iv en  in  Figure  5, Samples NC 3, 
n e a r e s t  to sh o re ,  had the  low es t  obse rved  mean humic a c id  c o n c e n t r a t i o n ,  
0 .49  mg/g sed im ent .  Those samples  most d i s t a n t  from sh o re ,  which 
were from the g r e a t e s t  d e p t h s ,  had low c o n c e n t r a t i o n s  of humic a c i d s .
NC 2 and NC 15 c o n ta in ed  0 .62  mg/g and 1 .30  mg/g,  r e s p e c t i v e l y .  NC 5 
and NC 12 were a l s o  from q u i t e  deep w a t e r  and were r e l a t i v e l y  low in  
humic a c i d s ,  w i th  1.12 mg/g and 1 .42 mg/g,  r e s p e c t i v e l y .  NC 1 ,  NC 4,
NC 6 , NC 7 NC 11, NC 13, NC 14, NC 16, and NC 20 a l l  had medium con-  
c e n t r a t i o n s  o f  humic a c i d ,  2 .32 mg/g to  4 .84  mg/g.  NC 8 , NC 9 ,  NC 17,
F i g u r e  5. The c o n c e n t r a t i o n  d i s t r i b u t i o n  o f  humic a c i d s  In 
t h e  o f f s h o r e  s am ples ,  mg/g s e d i m e n t .
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and NC 19, had t h e  h i g h e s t  o f f s h o r e  humic a c i d  v a l u e s ,  6 .3 3  mg/g to  
7 .1 0  mg/g,
Humic a c i d s  I s o l a t e d  h e re  were g r a n u l a r ,  am orphous ,  and b l a c k ,  
w i t h  a s t r o n g  a c i d i c ,  b u r n t  sugar  o d o r .  M o is tu r e  c o n t e n t  a v e r a g e d  8 to  
127,. and a s h  was g e n e r a l l y  l e s s  th a n  10%. O c ca s io n a l  h ig h  a s h  c o n t e n t s  
r e s u l t e d  from f a i l u r e  o f  th e  c e n t r i f u g a t i o n  t e c h n i q u e  t o  remove a l l  
c l a y  from t h e  e x t r a c t  s o l u t i o n s .
R e s u l t s  o f  f u n c t i o n a l  g roup a n a l y s i s
The r e s u l t s  o f  a l l  f u n c t i o n a l  group a n a l y s i s  a r e  p r e s e n t e d  i n  
T a b le  3. S i n c e  p y r o p h o s p h a t e  and sodium hydrox ide  s o l u b l e  m a t e r i a l s  were 
k e p t  s e p a r a t e ,  i n d i v i d u a l  f u n c t i o n a l  g roup  a n a l y s i s  v a l u e s  a r e  r e p o r t e d  
f o r  e ach  f r a c t i o n ,  e x c e p t  t h e  HP s e r i e s ,  which was combined a c c i d e n t a l l y .
A w e ig h te d  a v e r a g e  p roduced  an o v e r a g e  f u n c t i o n a l  g roup a n a l y s i s  va lue  
which i s  r e p o r t e d  f o r  each  sample  and f o r  each o f  t h e  f u n c t i o n a l  group 
t e s t s  p e r fo rm e d .  The d i s t r i b u t i o n  o f  a v e r a g e  v a lu e s  f o r  t o t a l  r e p l a c e a b l e  
hydrogen  i n  t h e  o f f s h o r e  humates i s  shown i n  F ig u re  6 , a v e r a g e  v a l u e s  f o r
c a r b o x y l  i n  F i g u r e  7, and  av e rag e  v a l u e s  f o r  p h e n o l i c  h y d r o x y l  i n  F ig u re  8 .
The BafOH)2  method was found t o  be r e p r o d u c i b l e  f o r  t h e  d e t e r ­
m i n a t i o n  o f  t o t a l  a c i d i t y  o f  t h e  humic a c i d  i s o l a t e s  examined h e r e .
Blanks  had an a v e r a g e  s t a n d a r d  d e v i a t i o n  a p p roach ing  0 . 0 5 ,  and r e p l i c a t e d  
a n a l y s e s  o f  t o t a l  a c i d i t i e s  had a s t a n d a r d  d e v i a t i o n  from t h e  mean of  
0 . 4 .  A n a ly s e s  t h a t  c o u l d  no t  be d u p l i c a t e d  were assumed t o  have  t h e s e  
d e v i a t i o n s .  Based upon  th e  r e p r o d u c i b i l i t i e s  o b t a i n e d  i n  t h i s  s t u d y ,  
t o t a l  a c i d i t y  v a l u e s  were  r e p o r t e d  t o  t e n t h s  r a t h e r  t h a n  h u n d r e d t h s  of
m i l l i e q u l v a l e n t s  p e r  gram of  humic a c i d .
T o t a l  a c i d i t i e s  f o r  i n s h o r e  sam ples  ranged from 7 . 5  to  11 ,8




































w- PC<  o  u  o  [tj u |
(Ut*(0 ■ u < u *
-S
u s u ' i ^ s D f ’o C ' j L n o o r 'L n - r - O ' i r -  O ' —f-d‘ foO'r^.<Lw o D < j '0
P 4  4 ■ ■ t a * » * * t i » 4 a * a a a a a i i  a
n n n n n n n - t v t n m n ' j c o ^ j s t i t n n n r t n i N i N n
■ 4 4 h i  * ■ ■ « * ■ *  + * ■ » ■ * ■ ■  I- ^  * 4 h
OO QO v £ j Q O O O O O B % f f i O ' O O O C T i O C T i f f i o O O a 3 0 C i r - ^ C O - o O r ' O d i O D
V  so  o
n>O 55
oo st o  ('i n  c n  h  r- ® in h  oi -j  f  O ^  -j  ^  ri m  O' n
* 4  k 4 h l 4 * T F P » - * a a i ^ l l l d * 4  +
o . c  o  a* m
j= HPL| P, |
m  o o  m  r \ t  m  O n n O ' O M i n H O S c o n i i B O ' U K n s O H S i n
• 4 4 h i  t a a 4 * i f f » a > i » k * * | i  a ii n L n H j i A i x ^ ^ i r i i r i ^ c i A i A ^ i s
£
m U"l ■rH O o uri Oh CO O ' U"1 o 1—1 t n c n o o CO LT| CO s D & > o
CQ o 4 4 ■p 4 ■ ■ 4 4 i * 4 p 4 4 ■ b + 4 4 ■ 4 ■ 4





U O «—i l h r - S O Ln U"l m C u"4! ^£> CN iH 0% r- . O '. r - Oh CO o
Ifl l-i 4 ► • h ► * ■- * ■ ■ 4 ■ * 4 4 4 » ■ ■ ■ 4 ■ ■ p ■
u > .
PL,







H ffv H i O ao co r*-
4 4  * I i a k d | a 4 l * i * F I I 1 4 f f  a «tO r-^  '*OQOff,i B O h- C l f l & ^ O t f ,iQOOffi^^rNff i f lCF^r^{0f—I ■—1
( o n O r o c O k n c o t O ' J s D ' ^ H ^ ^ r ^ o M N H ^ ^ ^ f o o r ^ i ^
4 4 * p a « * i i a p a 4 4 4 a « * a a a > a *  p
Oi(Hfl5iX>HrH.5iffi5i5i©iJiOH5lt,'H?i®U0m(10C(l®®
OJ ci-H w
B--i-Ta rtH HIto a S! o
H i N n - j i f l f l r ' ®  O' O
* i i > i i i i , \ i i i r i ( i i l l



















































Figure 6. Digtributlon of average total acidity concentrations 





Figure 7. Distribution of average carboxyl concentrations 























F ig u r e  8 * D i s t r i b u t i o n  o f  a v e r a g e  p h e n o l i c  h y d r o x y l  c o n c e n ­






























g i v i n g  an av erage  range  of  6.7 t o  8 . 8  m eq/g .  O f f sh o re  p y r o  s o l u b l e  humic 
a c i d s  y i e l d e d  t o t a l  a c i d i t y  v a l u e s  of  7 . 9  t o  11 ,2  m eq /g ,  7 . 2  t o  1 0 ,5  
meq/g f o r  t h e  NaOH s o l u b l e  m a t e r i a l s ,  and  an a v e r ag e  v a l u e  f rom  7 . 8  to  
1 0 .4  meq/g.
The ca rboxy l  g roup  c o n t e n t  t e s t  was more r e p r o d u c i b l e  b u t  
was a l s o  r e p o r t e d  to  the  n e a r e s t  t e n t h  meq/g.  Carboxyl g r o u p  t e s t  
b l a n k s  had a s t a n d a r d  d e v i a t i o n  o f  0 .0 1  m eq/g ,  and r e p l i c a t e  a n a l y s i s  
a v e r a g e d  l e s s  than  0 ,04  meq/g ,  o f t e n  be low 0 ,01  meq/g .  C a r b o x y l  g roup  
c o n t e n t  ranged from 2 .8  t o  4 .4  meq/g w i t h  th e  ex t rem es  in  v a l u e s  coming 
i n  t h e  o f f s h o r e  samples .
S in ce  t h e  p h e n o l i c  h y d r o x y l s  were d e te r m in e d  by d i f f e r e n c e ,  
t h e  p r e c i s i o n  i s  dependen t  on t h e  o t h e r  two p a r a m e t e r s .  P h e n o l i c  h y d ro x y l  
g roup  c o n t e n t  ranged from 3 ,0  to  7 , 0  m eq /g ,  bu t  t h e  a v e r a g e s  w e re  4 .0  
t o  6 .4  meq/g,  e x ce p t  In  one c a s e .  Care  must  be e x e r c i s e d  i n  t h e  use  
o f  t h i s  p a ra m e te r  s i n c e  i t  I s  d e p e n d e n t  on t h e  two o t h e r  v a r i a b l e  
f u n c t i o n a l  group a n a l y s e s .
R e s u l t s  o f  I n f r a r e d  a n a l y s i s
Absorbances  from sample  BC a r e  g iv e n  in  Tab le  4 .  F r a c t i o n a t i o n  
o f  t h e  i s o l a t e d  humic a c i d s  a c c o r d i n g  t o  s o l u b i l i t y  d i f f e r e n c e s ,  r e d i s ­
s o l v i n g  in  CHCl^, and c o n d u c t i n g  I n f r a r e d  a n a l y s i s  i n  CHCl^ f o r  t h i s  
sample  a r e  d e s c r i b e d  above. U n f o r t u n a t e l y ,  l i t t l e  from t h i s  t a b l e  can 
be compared w i th  r e s u l t s  f o r  KBr p e l l e t s  b e ca u s e  t h e  bands  1600 cm'^ to  
1450 cm- l , 1350 cm- ^ to  1200  cm’ -*-, and below 1100 c n p l  w e re  masked  by 
t h e  CHCl^ s o l v e n t .
A l l  o t h e r  I n f r a r e d  a n a l y s i s  was by t h e  KBr p e l l e t  m e th o d .
Each sample  r e q u i r e d  c o n s i d e r a b l e  t r i a l  and e r r o r  t o  e s t a b l i s h  p r o p e r  
p e l l e t  t h i c k n e s s  and o r g a n i c  c o n c e n t r a t i o n .
T a b l e  4 .  I n f r a r e d  s p e c t r a  o f  o r g a n i c  s o l v e n t  e x t r a c t s  o f  a  BC
s a m p l e !  a )  d i e t h y l  e t h e r  e x t r a c t ;  b) b e n z e n e ;  c )  h e x a n e ;  
d )  c h l o r o f o r m ,  s u b j e c t e d  t o  TLC, 0*M. a t  a d v e n t  
f r o n t  ( 9 0 : 1 0 : 1 )  h e x a n e  d i e t h y l  e t h e r  and a c e t i c  a c i d ;  
an d  e )  c h l o r o f o r m  e x t r a c t  p a s s e d  o v e r  a l u m i n a  column*
a b c d e
3 5 4 5 (v )
3 6 3 0 ( a )
3510(m)
3 6 2 5 ( b )
3 5 2 5 (w) 3525{w)
OH,
COOH
3 0 9 5 (m) 
3075 (» )  
3 0 4 5 (m)
CH-CH,
ch2- c
3 0 2 0 (m) a r o m a t i c
CH
2 9 6 5 ( a )  
2 9 3 5 ( a )  
2 8 5 0 (m)
2 9 7 5 ( a )
2 9 2 5 ( a )
2 8 9 0 ( e )
2 9 5 0 ( a )  
28 7 5 ( ah )
2 9 6 0 ( a h )
2 9 2 5 ( a )
2 8 6 0 ( a )
2 9 6 0 ( s h )
2 9 2 5 ( a )
2 8 5 0 ( a )
CH s t r e t c h
2735 (u )  
2675{w) 2 4 0 0 ( s h ) H -b o n d in g
1 7 4 0 ( e ) 1745(w) 1 7 4 0 ( a ) 1 7 4 0 ( a ) C-0s t r e t c h
1 3 9 5 (m)
I 4 6 0 ( a h )  
1 4 0 5 (m)
I 4 6 0 ( s h )
1 3 9 5 ( b )
1 4 7 5 (a h )  
1 3 9 0 (m)
CH3,CH2 , 
d e f  o r m a t l o i
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The I n t e r p r e t a t i o n  o f  I n f r a r e d  s p e c t r a  o f  humic a c i d s  I s  
w e l l  a g re ed  u p o n  f o r  s a m p l e s  e x t r a c t e d  f r o m  l a c u s t r i n e  and m a r i n e  
s e d i m e n t s .  S t e v e n s o n  and Goh ( 1 9 7 1 ) ,  l e h l w a t a r l  ( 1 9 7 1 ) ,  and  O t g u k i  
and Hanya (1 9 6 7 )  have  a l l  r e p o r t e d  s i m i l a r  s p e c t r a  w i t h  s i m i l a r  e x p l a n a t i o n s  
f o r  t h e  v a r i o u s  a b s o r b a n c e s .  V e ry  s t r o n g  a b s o r b a n c e s  i n  t h e  3600 cm- !  
t o  3100 cm- !  r e g i o n  a r e  a t t r i b u t e d  t o  h y d r o g e n  bond ing  o f  OH and WH 
g r o u p s .  A c c o r d i n g  t o  B e l lam y  ( 1 9 5 8 ) ,  l n t e r m o l e c u l a r  h y d ro g e n  b o n d i n g  
( s t r o n g  p o l y m e r i c  a s s o c i a t i o n )  y i e l d s  s t r o n g ,  b r o a d  a b s o r b a n c e s  n e a r  
3400 cm- !  t o  3200 cm- ! ,  w h e r e a s  I n t r a m o l e c u l a r  hy d ro g en  b o n d in g  c a u s e s  
s t r o n g  a b s o r b a n c e s  f rom 3750 cm- !  t o  3450 c m " ! .  The t w i n  p e a k s  n o t e d  
i n  t h e  2900 c m " !  r e g i o n  a r e  r e l a t e d  t o  d e f o r m a t i o n  o f  a l i p h a t i c  CHj 
and CH3 g r o u p s .  A b so rb an c e  a t  1720  cm- !  i s  a  r e s u l t  o f  c a r b o n y l  
v i b r a t i o n s  o f  c a r b o x y l l c  a c i d s  a n d  e s t e r s .  C a r b o n y l  g ro u p s  o f  p e p t i d e s  
a b s o r b  n e a r  1650 cm""!, t r f i i l e  c a r b o n  n i t r o g e n  b o n d s  o f  amides  a b s o r b  a t  
1540 cm- ! .  B an d s  n e a r  1450  c m " !  an(j i j g g  cm "!  a g a i n  r e l a t e  t o  a l i p h a t i c  
CH^ and CHj d e f o r m a t i o n s  and t h e  b r o a d  a b s o r b a n c e  a t  1200 cm- !  i s  
p r o b a b l y  r e l a t e d  t o  C-H s t r e t c h  o r  N-H d e f o r m a t i o n .  S t r o n g  a b s o r b a n c e s  
n e a r  1050 cm- !  a r e  r e l a t e d  t o  t h e  C-0  s t r e t c h i n g  o f  p o l y s a c c h a r i d e - t y p e  
m a t e r i a l s .
A l l  s e d i m e n t a r y  hum ic  a c i d s  ex am in ed  t n  t h i s  s t u d y  f i t  I n t o
S t e v e n so n  and  Goh’ s (1971) T y p e  I I I  c l a s s i f i c a t i o n ,  I n d i c a t i v e  o f
c a r b o h y d r a t e s  a n d / o r  p r o t e i n s .
I n f r a r e d  s p e c t r a  w e r e  o b t a i n e d  I n  two r a n g e s ,  4000 cm- !  £0 
1300 cm- !  and  2000  cm- !  t o  6 5 0  cm- ! ,  f OT humic a c i d  i s o l a t e s
(46 o f f s h o r e  an d  14 i n s h o r e ) .  A r e p r e s e n t a t i v e  s p e c t r u m  o b t a i n e d  In  
t h i s  s tu d y  l a  shown I n  F i g u r e  9 ( l o w  r a n g e )  an d  F i g u r e  10 ( h i g h  r a n g e ) »
T a b l e  5 l i s t s  t h e  v a r i o u s  a b s o r b a n c e s  f o r  e a c h  I s o l a t e  and t h e  I n t e n s i t y
F ig u re  9.  T y p ica l  s p ec t ru m  shown by s e d im e n ta ry  humic a c i d ,  




















F i g u r e  10.  T y p i c a l  s p e c t r u m  shown by a  s e d i m e n t a r y  humic
a c i d *  2000 t o  650 ctn” l  (N C l - p y r o  s o l u b l e  h a m a t e ) .
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o f  t h o s e  a b s o r b a n c e s  on a n  a r b i t r a r y  s c a l e  d e te r m in e d  from a l l  humic 
a c i d  s p e c t r a .  S i n c e  a l l  s p e c t r a  were  s i m i l a r ,  t h e  t a b u l a r  fo rm p r e s e n t s  
a l l  u s e f u l  i n f o r m a t i o n  o b t a i n e d .  I n  T ab le  5,  s u b s c r i p t s  a r e  u sed  to  
I n d i c a t e  a  a l i g h t  v a r i a t i o n  from t h e  s u p e r s c r i p t ,  In  t h e  d i r e c t i o n  o f  
t h e  s u b s c r i p t .  F o r  e x a m p le ,  an Ms r e p r e s e n t s  a medium a b s o r p t i o n  c l o s e  
to  s t r o n g ,  w hereas  an Mw I s  a  medium a b so rb an c e  c l o s e  t o  weak.
Broad a b s o r b a n c e s  i n  th e  3500 t o  3100 cm- ^ r e g i o n ,
i n d i c a t i v e  o f  l n t e r m o l e c u l a r  hydrogen  b o n d in g ,  were s t r o n g  f o r  a l l  
samples  and  g e n e r a l l y  c e n t e r e d  n e a r  3350 cm"^. Some v a r i a t i o n s  in  
maxima a r e  n o te d  b o t h  up and  down r a n g e .  The h igh  a sh  c o n t e n t ,  concen ­
t r a t e d  NaOH sam ples  showed an i n t e n s i f i c a t i o n  o f  a b so r b an c e  i n  t h i s  
a r e a  w i t h  t h e  maxima coming n e a r e r  t o  3400 cm~l.
The a l i p h a t i c  CH.} and CHj d e f o r m a t i o n  a b s o r b a n c e s  i n  t h e  
2950 cm- 1  t o  2850 cm-1 r e g i o n  were  a l l  f a i r l y  s t r o n g .  S e v e r a l  s a m p le s ,  
most n o t a b l y  py ro  and  NaOH s o l u b l e  humic a c i d s  o f  ER, had v e r y  s t r o n g  
a b s o r b a n c e s .
The p e a k s  n e a r  1720 c n “ ^ ( c a r b o n y l  o f  a c i d  o r  e s t e r )  and 
1650 cm~l ( c a r b o n y l  o f  p e p t i d e )  a r e  r e p o r t e d  r e l a t i v e  to  one a n o t h e r .
A l l  t h e  s am p le s  f e l l  I n t o  t h r e e  c a t e g o r i e s :  samples  whose 1720 cm’ ^
a b s o r b a n c e  was e i t h e r  e q u a l  or  i n d i s t i n g u i s h a b l e  from t h e i r  1650 
a b s o r b a n c e ;  sam ples  whose 1650 a b so r b a n c e  was l a r g e r  t h a n  a t  1720
CftT" ;^ and ,  s am ples  whose 1720 cm"^ a b so rb an c e  was l a r g e r  t h a n  a t  1650 
cm- ! .  Sam ples  i n  t h e  f i r s t  c a t e g o r y  a r e :  NC 1,  pyro and NaOH; NC 7 ,
pyro  and NaOH; NC 8 ,  py ro  and  NaOH; NC 9, pyro  and NaOH; NC 1 1 ,  p y r o ;
NC 12,  NaOH; NC 1 4 ,  p y r o  and  NaOH; NC 16,  py ro  and NaOH; NC 1 7 ,  py ro  
and NaOH; NC 20, p y r o  and  NaOH; and  a l l  t h e  i n s h o r e  i s o l a t e s  e x c e p t  VB 
NaOH, w h ich  e x h i b i t e d  a  v e r y  s t r o n g  1650 cm- * a b so r b an c e .  Sam ples  i n
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t h e  s ec o n d  c a t e g o r y  a r e  NC 3, p y ro  and NaOH} NC 4 ,  pyro  and NaOH; NC 5*
p y r o  and NaOH; NC 6 , p y r o  and NaOH; NC 11» NaOH; NC 12,  p y ro ;  NC 1 3 ,  pyro
and NaOH; NC 1 5 ,  p y r o  and  NaOH; NC B, NC 9 ,  NC 16, NC 17, NC 1 8 ,  NC 19, 
an d  NC 2 0 ,  c o n e  NaOH; and t h e  one I n s h o r e  sample ,  VB NaOH. Humates In 
t h e  t h i r d  c a t e g o r y  a r e ;  NC 2 ,  p y ro  and NaOH and NC 11, pyro  and NaOH.
B oth  t h e  p y ro  a n d  NaOH s o l u b l e  humic a c i d s  o f  NC 7 show e q u a l l y  I n t e n s e  
a b s o r b a n c e s  b u t  h a v e  s h i f t e d  t o  1710 cm- ^ and 1610 cm- ! ,  which a r e  t h e  
o n l y  d e v i a t i o n s  n o t e d  I n  t h i s  r a n g e .
I n  t h e  1600 cm '^  t o  1300 cts- ^ r e g i o n ,  most s p e c t r a  had a
p a t t e r n  o f  medium a b s o r b a n c e s  a t  1540 cm~l { p ep t id e  l i n k a g e )  w i t h  weak 
o r  v e r y  weak a b s o r b a n c e s  a t  1450 cm“ l  and 1360 c m ' l  ( a l i p h a t i c  CH2 and  
CH^) , S e v e r a l  e x c e p t i o n s  a r e - n o t e d .  Both  the  pyro  and NaOH hum ates  o f  
NC 2 and  NC 12 h a d  p r a c t i c a l l y  no 1540 cm~l a b so r b a n c e ,  bu t  medium 
s t r o n g  a b o s r b a n c e s  o f  e q u a l  I n t e n s i t y  a r e  noted  a t  1450 cm"! and 1380 
cm ~l ,  S i m i l a r  s i t u a t i o n s  o f  e i t h e r  no a b so rb an ce  o r  a ve ry  weak 
a b s o r b a n c e  a t  1540  cm~l a r e  a l s o  r e p o r t e d  f o r  th e  f o l l o w i n g :  NC 5 ,
p y r o  and NaOH; MP, p y ro  and  NaOH; WP, p y r o ;  HP, pyro  and  NaOH; and 
ER, p y r o  and  NaOH.
I n  t h e  1200 cm- ^ r e g i o n  {C-0 s t r e t c h  o f  c a r b o x y l ) ,  humic a c i d  
i s o l a t e s  show s i m i l a r  p a t t e r n s  o f  medium, b road  a b s o r b a n c e s  f o r  t h e  pyro  
s o l u b l e  h u m a t e s .  E q u i v a l e n t  o r  s l i g h t l y  weaker a b so r b an c es  a r e  n o t e d  
f o r  t h e  NaOH e x t r a c t s ,  w h i l e  t h e  c o n c e n t r a t e d .  NaOH e x t r a c t s  show 
e v e n  w e a k e r  a b s o r b a n c e s .
The 1050  c m ' l  t o  1025 cm“ l  r e g i o n  (C-0 s t r e t c h  of  p o l y s a c c h a r i d e s )  
y i e l d s  some v e r y  s t r o n g ,  b r o a d  a b s o r b a n c e s  f o r  t h e  f o l l o w i n g  h u m a te s :
NC 1 ,  p y ro  and NaOH; NC 1 5 ,  p y ro  and  NaOH; and th e  p y ro  e x t r a c t  o f  VB.
I n  moat c a s e s  t h e  o f f s h o r e  sam ples  have  s t r o n g  to  medium s t r o n g  a b s o r b a n c e s ,
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w i t h  t h e  pyro  e x t r a c t s  h a v in g  a p p r o x i m a t e l y  e q u i v a l e n t  a b s o r b a n c e s  t o  t h e  
HaOH and cone  NaOH hum ates .  I n s h o r e  s am p le s ,  e x c e p t  VB, show medium 
a b s o r b a n c e s  i n  t h i s  r e g i o n .
L i t t l e  m e n t io n  i s  made o f  a b s o r b a n c e s  be low 1000 cm '*  i n  t h e  
l i t e r a t u r e  f o r  s e d i m e n t a r y  o r g a n i c  m a t t e r .  I n s h o r e  sam ples  show l i t t l e
a b s o r b a n c e  h e r e ,  b u t  e i t h e r  t a l l  up o r  t a i l  down be low 1000 c m ^ ,  The
o f f s h o r e  sam p les  show no t  o n l y  some weak a b s o r b a n c e s  i n  t h i s  r e g i o n ,  
b u t  a l e o  s e v e r a l  medium to  medium s t r o n g  a b s o r b a n c e s  a round  725 cm- * .
Pyro s o l u b l e  h u m a te s  o f  NC 12 an d  NC 13; NaOH s o l u b l e  hum ates  o f  NC 2,
NC 3 , NC 4 ,  NC 9 ,  NC 12, and NC 14;  and a l l  t h e  cone NaOH e x t r a c t s
have a  d i s t i n c t  a b s o r b a n c e  n e a r  725 cm- *.
R e s u l t s  o f  e l e m e n t a l  a n a l y s i s
C a rb o n ,  h y d ro g e n ,  n i t r o g e n ,  and s u l f u r  c o n t e n t s  w ere  d e t e r m i n e d  
f o r  f i f t e e n  p y r o  s o l u b l e  and t h r e e  NaOH s o l u b l e  hum ates .  T h i s  e l e m e n t a l  
a n a l y s i s  d a t a  I s  p r e s e n t e d  on a  d r y ,  a s h - f r e e  b a s i s  i n  T a b l e  6.
The p y r o  and  NaOH h u m a te s  o f  t h e  KP sample  show l i t t l e  v a r i a t i o n ,  
a s  do t h e  pyro  an d  NaOH i s o l a t e s  o f  NC I S .  I n  b o th  c a s e s ,  t h e  c a r b o n  
c o n t e n t  i s  h i g h e r  i n  t h e  NaOH i s o l a t e .  T h i s  s i t u a t i o n  l a  r e v e r s e d  f o r  
t h e  NC 8 humic a c i d s .
The c o n t e n t  o f  c a r b o n  f o r  t h e s e  s e d i m e n t a r y  humates  r a n g e s  from 
52 to  631. The maximum c a r b o n  v a l u e  i s  found I n  t h e  ER-pyro humate 
( 6 2 . 5 1 ) ,  w i t h  t h e  p y ro  e x t r a c t s  o f  NC 2 ,  NC 7 ,  and NC 5 o n l y  s l i g h t l y  
lo w e r .  The o t h e r  t e n  humate s a m p l e s  c o n t a i n  52 t o  573 c a r b o n ,  w i t h  
t h e  l o w e s t  c o n c e n t r a t i o n  found f o r  NC 18. The hydrogen  c o n t e n t  v a r i e s  
from 6 . 0  t o  7.6X w i t h  the  e x c e p t i o n  o f  NC 12 ( 5 . 5 1 ) .  N i t r o g e n  i n  t h e  
hum ates  h a s  a  maximum v a l u e  o f  6 . 2 5  and a minimum o f  3 . SIX. The py ro
Table 6. Elemental analyses of selected huulc acid samples.
Sample
D e s ig n . ZC ZH
MF-P 5 5 .0 1 6 . 0 4
MP-OH 5 7 . 0 0 6 . 77
ER-P 6 2 . 4 6 6 . 6 3
JC-P 5 5 . 0 6 6 .5 4
NC-P 5 2 . 9 7 6 . 3 2
NC2-P 6 0 . 6 6 6 .8 8
NC3-P 5 2 .6 7 7. 22
NC5-P 5 9 . 4 3 6 . 5 5
NC7-P 6 0 .1 7 6 . 6 1
NC8-F 5 5 .4 1 7 . 6 4
NCa-OH 5 3 .0 2 7 . 0 9
N C l l -P 53* 59 6 .9 4
NC12-P 61*48 5 . 4 9
NC15-P 5 4 .8 4 6 .6 6
NC18-P 52.  07 6 . 6 2
NCia-OH 5 3 .2 4 6 . 4 1
NC19-P 5 4 .1 2 6 . 1 8
NC20-P 5 5 .9 2 6 . 7 3
XN IS  10
4 . 3 1 1 .5 9 3 3 .0 5
4 . 2 4 1 . 22 30 .77
3 . 6 8 3 . 0 9 24 .14
5. 08 3 .5 0 29 .82
4 . 94 1 . 9 0 33 .87
4 . 2 7 1 . 9 4 26 .25
6 . 0 6 2 . 9 9 31 .06
4 . 4 6 2 .1 7 27 .39
3 . 6 4 3 . 9 5 25 .63
5 . 70 2 . 6 2 2 8 .6 3
5 . 6 5 2. 52 31 .72
5 .1 3 2 .0 8 3 2 .2 6
3 . 5 1 3 . 1 0 26 .42
5 . 4 2 2 .0 5 31 .04
5 . 7 8 2 . 5 0 33 .03
6 . 2 5 2 .3 7 31 .73
6 . 0 5 2 .7 4 30 .12
5 . 2 2 2 .1 0 3 0 .0 3
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e x t r a c t s  o f  NC 7 and Eft a l s o  h a v e  m in im a l  c o n c e n t r a t i o n s  n e a r  3 .51 .
S u l f u r  c o n t e n t s  v a r y  f rom  1*2 t o  3 . 9 1  w i t h  ER-pyrot NC 7 - p y r o ,  and NC 
1 2 - p y r o  a l l  e x c e e d i n g  31 . I n  a d d i t i o n ,  JC - p y ro  had a s u l f u r  c o n c e n t r a t i o n  
e x c e e d i n g  31!. ER, NC 2 ,  NC 5 ,  NC 7 ,  and NC 1 2 -p y ro s  a l s o  have low 
o x y g en  v a l u e s  o f  24 to  271 ,  w h i l e  m os t  o t h e r  sam ples  exceed  30%.
T a b l e  7 p r e s e n t s  r a t i o s  o f  e l e m e n t s  p r e s e n t  i n  t h e  humate samples  
s u b j e c t e d  t o  e l e m e n t a l  a n a l y s i s :  c a r b o n / h y d r o g e n ;  c a r b o n / n i t r o g e n ;
c a r b o n / s u l f u r ;  an d  c a r b o n / o x y g e n .  C/H r a t i o s  va ry  from 7 .2  t o  9 .4  w i th  
t h e  e x c e p t i o n  o f  t h e  NC 1 2 - p y r o  hum ate  ( 1 1 . 2 ) .  C/N r a t i o s  range  from
8 . 5  t o  a  maximum o f  1 7 . 5 ,  C/S r a t i o s  from 1 5 . 2  t o  4 6 . 7 ,  and C/0 from
1 . 5  t o  2 . 6 -
F l g u r e s  11 t o  19 d e p i c t  t h e  d i s t r i b u t i o n  o f  e l e m e n t a l  a n a l y s i s  
v a l u e s  and t h e i r  r a t i o s  i n  o f f s h o r e  s a m p l e s .
Table 7. Ratios of elements present In humlc acid samples.
Sample
D es ign . C/H C/N C/S
KF-F 9 . 1 1 1 2 . 76 3 4 . 6 0
HP-OH 8 . 4 2 1 3 . 4 4 4 6 . 7 2
ER-P 9 . 4 2 1 6 . 9 7 2 0 .2 1
JC-P 8 . 4 2 1 0 . 8 4 1 5 .7 3
NCl-F 8 . 3 8 10 .  72 2 7 .8 8
NC2-F 8 . 8 2 1 4 . 2 1 3 1 .2 7
NC3-P 7 . 3 0 8 . 6 9 1 7 .6 2
NC5-P 9 . 0 7 1 3 . 3 3 2 7 . 3 9
HC7-P 9 . 1 0 1 6 .  53 1 5 .2 3
NC8-P 7 . 2 5 9 .  72 2 1 .1 5
NC8-OH 7 . 4 8 9 . 3 8 2 1 . 0 4
NC11-P 7 . 7 2 1 0 . 4 5 2 5 .7 6
KC12-F 1 1 .2 0 1 7 . 5 2 1 9 .8 3
NClS'P 6 . 2 3 1 0 .1 2 2 6 .8 8
HC18-P 7 . 8 6 9 . 0 0 2 0 .8 3
NC18-OH 8 . 31 8 . 5 2 2 2 .4 6
NC19-F 7 . 8 7 8 . 9 5 1 9 . 7 5
HC20-P 8 . 3 1 1 0 . 7 1 2 6 .6 3
C/0
1.66
1 . 8 5  
2 , 5 9
1 . 8 5  
1 . 5 6  
2. 31 
1. 70 
2 .1 7  
2 . 3 5  
1 .9 4
1 .6 7  
1 . 6 6  
2 , 3 3  
1 .7 7  
1 . 5 8
1 . 6 8  
1. 79
1 . 8 6
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F i g u r e  12. P e r c e n t  hydrogen In  o f f s h o r e  hum ate  s am p le s .
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D l s c u s a i o n  o f  c o n c e n t r a t i o n  r e s u l t s
C o n c e n t r a t i o n s  o b t a i n e d  f o r  I n s h o r e  sam ples  i n  t h i s  s t u d y  
w ere  c o m p a r a b le  w i t h  o t h e r  s t u d i e s  I n  t h e  l i t e r a t u r e .  Beach sand (VB) 
c o n t a i n e d  0 .0 0 8 3  humic a c i d  an d  t h e  d o w n r i v e r ,  l a r g e  g r a i n e d  s e d im e n t  
s a m p le s  c o n t a i n e d  0 .1 5 3  o r  L e s s .  P a t a c a s ,  Swanson, and Love (196B) 
r e p o r t e d  hum ic  a c i d s  i n  s e d i m e n t s  o f  C h o c t a v h a t c h e e  Bay a r e a  r a n g i n g  
from 0 . 1  ( s a n d y )  to  1 . B I  ( s l l t y - c l a y )  and as  low a s  0 .0 2 3  ( c l e a n ,  
s an d y )  f o r  bay s e d l m e n t s i  The M a t t a p o n l  r i v e r  s ed im en t  s am p le ,  WP 
(mud and s a n d ) ,  c o n t a i n e d  a b o u t  1 .5 1  humate  which  i s  a l s o  c o m p a r a b le .  
P a l a c e s  e t  a l . ,  a l s o  r e p o r t e d  humic a c i d  c o n c e n t r a t i o n s  o f  0 . 2  t o  
a l m o s t  S3 f o r  b r a c k i s h  w a t e r  m a r s h e s .  Both  JC and  HP (m arsh  s a m p l e s )  
had humate  c o n c e n t r a t i o n s  e x c e e d i n g  1 , 3 1 .
The HP s a m p le  was a  r i c h  s o u r c e  o f  herniates r e l a t i v e  t o  
most o t h e r  s a m p l e s .  The s t a t e d  c o n c e n t r a t i o n  o f  1 8 .9  mg p e r  gram o f  
s e d i m e n t  was p r o b a b l y  low by a f a c t o r  o f  two ( s e e  s e c t i o n  on r e s u l t s  
of m a t e r i a l s  and  m e t h o d s ) ,  b u t  s t i l l  exceeded  a l l  o t h e r  v a l u e s .  The 
a e r o b i c  c o n d i t i o n s  w i t h  I n f r e q u e n t  I n u n d a t i o n  i n  t h i s  m a rsh  a l l o w e d  
r a p i d  h u m i f i c a t i o n  o f  o r g a n i c  m a t t e r .  A no th e r  marsh  s a m p l e ,  JC, g a v e  
a  somewhat l o w e r  c o n c e n t r a t i o n ,  p r o b a b l y  r e s u l t i n g  from t h e  g r e a t e r  
f r e q u e n c y  o f  f l u s h i n g .  These  a r e a s  w ere  s e l e c t e d  s i n c e  i t  was t h o u g h t  
t h e y  would c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  s e d i m e n t a r y  o r g a n i c  m a t t e r .
F a r  up t h e  e s t u a r y ,  n e a r  W alke r  t o n ,  V s . ,  sample  HP had a 
hum ate  c o n c e n t r a t i o n  o f  6 . 5  mg7g and was I n t e n d e d  to  be r e p r e s e n t a t i v e
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o f  t h e  f r e s h  w a t e r  h u m a te s .  A p p r o x im a te ly  20 km downst ream,  t h e  UP 
sample  (1 5 .4  mg/g) c o n t a i n e d  more  t h a n  t w i c e  t h e  humate c o n c e n t r a t i o n  
o f  MP. The i n c r e a s e d  dow nst ream  c o n c e n t r a t i o n  was p r o b a b l y  due  to  
t h e  I n f l u x  o f  d e t r l t a l  m a t e r i a l s  from H a l t  m a r s h e s .  However,  i t  was 
n o t e d  d u r i n g  s a m p l in g  t h a t  w h i l e  t h e  w a t e r  above th e  s e d im e n t s  a t  West 
P o i n t  was y e l l o w ,  t h e  c o l o r  became more i n t e n s e  a t  HP ( u p s t r e a m ) .
C o a g u l a t i o n  and p r e c i p i t a t i o n  o f  humic s u b s tan ceH  t h a t  may be e i t h e r  
d i s s o l v e d  o r  su sp e n d e d  I n  f r e s h  w a t e r  m ig h t  o c c u r  aa  t h e  s a l t  c o n t e n t  
o f  t h e  medium I n c r e a s e s .  From l a b o r a t o r y  s t u d i e s  (E vans ,  1959) ,  I t  
may be assumed t h a t  most s u sp en d ed  o r  d i s s o l v e d  humic a c i d  w i l l  c o a g u l a t e  
and p r e c i p i t a t e  somewhere b e f o r e  10 t o  20 p a r t s  p e r  th o u san d  s a l i n i t y .
However,  t h i s  was p r o b a b l y  n o t  a s  m a jo r  a c o n t r i b u t i o n  of  humates  a s  
was m arsh  d e t r i t u s .
R e s u l t s  d e r i v e d  f rom  t h e  e x a m i n a t i o n  of  p r e l i m i n a r y  s am p les  
I n d i c a t e d  t h a t  t h e s e  s am p le s  s e l e c t e d  randomly  from t h e  l o v e r  York R iv e r  
y i e l d e d  humate  c o n c e n t r a t i o n s  l e s s  t h a n  1 t o  2 mg/g ( u n p u b l i s h e d  d a t a ) .  
U n le s s  humic a c i d s  have  v e r y  p a t c h y  d i s t r i b u t i o n s ,  i t  a p p e a r s  t h a t  
low er  e s t u a r l n e  s e d i m e n t s  a r e  r e l a t i v e l y  low I n  e x t r a c t a b l e  humic a c i d s .
The l a s t  sample  t a k e n  w i t h i n  t h e  c o n f i n e s  o f  t h e  Chesapeake  
Bay and I t s  t r i b u t a r i e s  was VB, t h e  s u r f a c e  beach  san d .  I t  had t h e  
l o w e s t  c o n c e n t r a t i o n  o f  a l l  s am p le s  ( 0 , 0 8  m g /g ) ,  a s  e x p e c t e d .
From t h e  l i m i t e d  number  o f  i n s h o r e  sam ples  I t  a p p e a r s  t h a t  
m arshes  and b e a c h e s  r e p r e s e n t e d  t h e  maximum and minimum c o n c e n t r a t i o n s  
o f  humic a c i d s .  The f r eH h  w a t e r  sample  had an i n t e r m e d i a t e  c o n c e n t r a t i o n ,  
which  more t h a n  d o u b l e s  a s  t h e  s a l t  c o n t e n t  o f  t h e  w a t e r  i n c r e a s e s .
F i n a l l y ,  t h e  l o w e r  e s t u a r l n e  sam ples  had  v e ry  low c o n c e n t r a t i o n s  o f  
humic a c i d s .
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O f f s h o r e  humate  c o n c e n t r a t i o n s  h e r e  w ere  a l s o  r e a s o n a b l y  
c l o s e  t o  t h o s e  r e p o r t e d  f o r  o t h e r  m a r i n e  s e d i m e n t s .  NC humate con­
c e n t r a t i o n s  r a n g e d  f rom  0 . 0 5  t o  0 . 7 1  o f  t h e  t o t a l  sed im ent  f o r  t h e  
s h e l f ,  s l o p e  an d  can y o n  a r e a s ,  f i g u r e  20 I l l u s t r a t e s  the  seaward 
d e c r e a s e  o f  s e d i m e n t a r y  o r g a n i c  m a t t e r .  B er ing  Sea sed im ents  were 
r e p o r t e d  t o  c o n t a i n  f rom  0 . 1  t o  0.85E humic a c i d  (Bordovsky,  1965).  
B o rd o v s k y  a l s o  I n d i c a t e d  R om ankevich  (1962) found t h a t  t h e  Lowest p a r t  
o f  t h e  s l o p e  h a d  t h e  h i g h e s t  humic a c i d  c o n c e n t r a t i o n .  P a l a c a s ,  
S w anson ,  and Moore (1966)  r e p o r t e d  humic  a c id  c o n c e n t r a t i o n s  o f  0 .015  
and 0 .022X f o r  two P a c i f i c  Ocean s e d i m e n t  sam ples  and D.14X f o r  a 
s e d i m e n t  sam ple  from t h e  A l e u t i a n  T r e n c h  ( t h e s e  v a l u e s  a r e  a sum o f  
f r a c t i o n s  o f  o r g a n i c  m a t t e r  r e p o r t e d ) .  Sandy s e d im e n t s  o f f  Nova S c o t i a  
w e re  r e p o r t e d  t o  c o n t a i n  0.4X hum ic  a c i d  w h i l e  c l a y l i k e  sed im en ts  
c o n t a i n e d  1 .2  t o  1 . 6 3  humic a c i d  (King* 1967) .  I& h l w a ta r l  (1969) 
r e p o r t e d  c o n c e n t r a t i o n s  o f  h u m a te s  o f  t h e  Sea of  J a p a n  as  0 ,29  and 
0,14X o f  t h e  s e d i m e n t .  T h r e e  Dead Sea  s e d im e n t s  r e p o r t e d l y  c o n t a i n e d  
f rom  l e s s  t h a n  0 .0 1  t o  a p p r o x i m a t e l y  0 .2 1  humic a c i d ,  w i th  the  sample  
c l o s e s t  t o  s h o r e  l o w e s t  i n  c o n c e n t r a t i o n  (Nissenbaum, Baedecker ,  and 
K a p l a n ,  1 9 7 2 ) ,  N issenbaum  and K a p la n  (1972) r e p o r t e d  humate concen­
t r a t i o n s  a s  p e r c e n t a g e s  o f  t o t a l  o r g a n i c  ca rbon  b u t  d id  no t  i n c l u d e  
t h e  t o t a l  o r g a n i c  c a r b o n  c o n t e n t  o f  t h e  s e d i m e n t s .
The sam p le  l o w e s t  i n  c o n c e n t r a t i o n  h e r e  was NC 3 , t a k e n  a t  
92 m e t e r s .  From F i g u r e  4 ,  i t  c a n  be s e e n  t h a t  NC 3 was the  c l o s e s t  
s a m p le  t o  s h o r e  an d  o u t s i d e  t h e  N o r f o l k  Canyon, In  r e l a t i o n  to  th e  
c an y o n  a n d  s l o p e  a r e a s ,  NC 3 was r e l a t i v e l y  low i n  b i o l o g i c a l  a c t i v i t y  
an d  p r o b a b l y  r e c e i v e d  l i t t l e  I n p u t  f rom  th e  Chesapeake  Bay. NC 17 
(3 1 0  m) and  NC 19 (529  m) were  c l o s e  t o  NC 3, b u t  i n  t h e  a r e a  d e s i g n a t e d



















a s  t h e  N o r f o l k  Canyon* They had  more t h a n  t w e l v e  t i m e s  t h e  concen ­
t r a t i o n  o f  NC 3. NC IB (340 t n ) , NC 16 (420  r t ) , and  NC 8 (865 m) l i e  
I n  an a p p r o x i m a t e l y  s t r a i g h t  l i n e  a lo n g  t h e  s o o t h  s i d e  of  t h e  N o r fo lk  
Canyon.  Hamate c o n c e n t r a t i o n s  f o r  t h e s e  s a m p l e s  w e re  4.0* 4 .B ,  and 
7 . 1  m g /g ,  r e s p e c t i v e l y .  NC 4 was p o s i t i o n a l l y  c l o s e  to  NC 8 b u t  was 
135 m s h a l l o w e r  an d  was d i s p l a c e d  l a t e r a l l y  down t h e  s l o p e ,  f r i n g i n g  
on  t h e  c a n y o n .  The  c o n c e n t r a t i o n  a t  t h i s  l o c a t i o n  had a c l o s e r  r e l a t i o n ­
s h i p  t o  t h a t  a t  NC 1 6 .  NC 7 (6 5 1  m) was o n  t h e  edge  o f  the  p r e c e d i n g  
c l u s t e r  o f  s am p les*  t o  t h e  n o r t h  and  e a s t  o f  NC 1 6 ,  230 m d e e p e r ,  and 
had a c o n c e n t r a t i o n  o f  3 . 0  m g /g ,  NC 13 (1250  m) was c o l l e c t e d  d i r e c t l y  
down t h e  can y o n  f r o m  NC 7 b u t  was an  e q u i v a l e n t  d i s t a n c e  from NC 8 , a s  
NC 16. NC 13 had  a  c o n c e n t r a t i o n  o f  4 . 7  m g /g .
T h r e e  more  c l u s t e r s  o f  s a m p le s  a r e  a p p a r e n t  in  F i g u r e  4. Two 
s a m p l e s  t a k e n  t o  t h e  n o r t h  o f  N o r f o l k  Canyon* NC 11 (1380 m) and NC 6 
( 1725  to) had  huf fa te  c o n c e n t r a t i o n s  o f  4 . 4  an d  2 . 3  m g /g ,  r e s p e c t i v e l y .
From t h e s e  two d a t a  p o i n t s  a d e c r e a s i n g  s e a w a r d  t r e n d  may be p o s t u l a t e d .
A second  c l u s t e r  o f  s a m p l e s  i s  n o t e d  to  t h e  sou th  o f  N o r fo lk  
Canyon. NC 9 ,  NC 2 0 ,  and NC 1 4 ,  a l t h o u g h  n o t  l y i n g  I n  a s t r a i g h t  l i n e ,  
d i d  i n c r e a s e  I n  d e p t h  i n  t h i s  o r d e r  o f f s h o r e  and  had c o n c e n t r a t i o n s  of 
6 . 7 ,  4 , 6 *  an d  2 , 8  m g /g ,  r e s p e c t i v e l y .  T h e s e  c l u s t e r s  th u s  s u p p o r t e d  
t h e  p o s t u l a t e  c o n c e r n i n g  d e c r e a s i n g  humlc a c i d  c o n c e n t r a t i o n  seaward .  
C o n t r a d i c t o r y  e v i d e n c e  was p r e s e n t e d  by NC 1 w i t h  a c o n c e n t r a t i o n  o f  
3 , 9  m g /g .  A l o c a l i z e d  phenomena may have c a u s e d  t h e  i n c r e a s e  I n  con­
c e n t r a t i o n .
The t h i r d  g ro u p  o f  s a m p l e s  c o l l e c t e d  l i e  a l o n g  th e  a x i s  of 
t h e  N o r f o l k  Canyon o u t  t o  a  d e p t h  o f  3000 m. NC 5 and  NC 12 were 
s p a t i a l l y  c l o s e  a n d  s i m i l a r  I n  c o n c e n t r a t i o n ,  w h i l e  NC 2, much f a r t h e r
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o f f s h o r e )  had about  h a l f  t h e  h u a a t e  c o n c e n t r a t i o n  o f  t h e  o t h e r  s a m p l e s .  
A no th e r  d e c r e a s i n g  t r e n d  seems to  h a v e  em erged ,  b u t  NC 15 i n c r e a s e d  In  
c o n c e n t r a t i o n  to  1 ■ 3 m g /g .  Once a g a i n  some l o c a l i z e d  phenomena may 
have had an e f f e c t .
A d e c r e a s i n g  t r e n d  o b s e r v e d  I n  s e d i m e n t a r y  o r g a n i c  c o n t e n t  
would be ex pec ted  i n  sam ples  f a r t h e r  from s h o r e )  i f  t h e  o r g a n i c  m a t t e r  
was d e r i v e d  from some p o i n t  s o u r c e  ( e . g . ,  l a n d  r u n o f f  f rom  C hesapeake  
Bay) .  As t h e  o r g a n i c  m a t t e r  moves f a r  from t h e  s o u r c e ,  i t  becomes 
more d i s p e r s e d  and t h e r e f o r e ,  lo w e r  i n  c o n c e n t r a t i o n .  F o r  o u t e r  
c o n t i n e n t a l  s h e l f  s a m p l e s ,  an i n c r e a s e  i n  t h e  humate  c o n c e n t r a t i o n  
o f f s h o r e  from an a r e a  w i t h  a  d e c r e a s i n g  t r e n d  w ould  be i n d i c a t i v e  o f  
i n p u t  o r  o r g a n i c  m a t t e r  from a n o t h e r  s o u r c e ,  w h ic h  m ig h t  be  f l o r a  and  
fau n a  p r e s e n t  a t  t h e  sample  s i t e  o r  o t h e r  s o u r c e s  o f  c o n t a m i n a t i o n .
The o r g a n i c  m a t t e r  g e n e r a t e d  i n  s i t u  w ould  y i e l d  t h e  o r g a n i c  m a t t e r  
d e s i g n a t e d  m ar ine  h u m a te s .  V a r i a t i o n s  I n  th e  c h a r a c t e r i s t i c s  o f  
humates  m igh t  be a p p a r e n t  f o r  t e r r e s t r i a l  v s .  m a r i n e  and  f o r  new v s .  
ag in g  m a t e r i a l .
L i t t l e  i n f o r m a t i o n  l a  a v a i l a b l e  on  t h e  d i s t r i b u t i o n  of 
s e d i m e n t a r y  m ic ro o rg a n i s m s  i n  t h e  N o r f o l k  Canyon a r e a .  The sam ples  
t a k e n  may be  r e p r e s e n t a t i v e  o f  t h e  a r e a ,  b u t  d e t a i l s  o f  s p a t i a l  d i s ­
t r i b u t i o n  must be c o n s i d e r e d  I n  l i g h t  o f  r e c e n t  work .  Deelman (1976)  
s u g g e s t s  t h a t  b a c t e r i a  c o n t r i b u t i n g  t o  huxolc a c i d s  i n  m a r i n e  s e d i m e n t s  
may o c c u r  I n  seams r a t h e r  t h a n  b e in g  u n i f o r m l y  d i s t r i b u t e d .  R a t h e r  
rugged t e r r a i n  was e n c o u n t e r e d  I n  t h e  N o r f o l k  Canyon (Wenner ,  p e r s o n a l  
com m u n ica t io n ) ,  p e r h a p s  making i t  I m p o s s i b l e  t o  o b t a i n  s e d im e n t  s a m p le s  
r e p r e s e n t a t i v e  o f  a n y t h i n g  b u t  t h e  im m e d ia te  l o c a l i t y .  Q u a n t i f y i n g  t h e  
d i s t r i b u t i o n  o f  any o r g a n i c  s u b s t a n c e  i n  t h e  e n v i r o n m e n t  I s  a v e r y
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complex p ro b lem .  T he re  I s  need  to  s t u d y  th e  humic a c i d  d i s t r i b u t i o n s  
In  o t h e r  p o r t i o n s  o f  t h e  v o r l d  ocean  I n  o r d e r  t o  s u b s t a n t i a t e  t h e  
g e n e r a l i t y  o f  c o n c l u s i o n s  d e r i v e d  from a n a l y s i s  a t  t h i s ,  an d ,  p r e s e n t l y ,  
v e r y  few o t h e r  l o c a t i o n s -
D i s c u s s io n  o f  f u n c t i o n a l  g roup a n a l y s i s  r e s u l t s
F u n c t i o n a l  g roup  a n a l y s i s  r e s u l t s  f o r  a l l  s am ples  i n  t h i s  
s tu d y  were com parab le  w i t h  r e s u l t s  o b t a i n e d  by s o i l  s c i e n t i s t s  f o r  
t e r r e s t r i a l  Humates.  S c h n l t z e r  and Khan (1972) l i s t e d  f u n c t i o n a l  group 
c o n t e n t  v a l u e s  f o r  s o i l  humic a c i d s  r a n g i n g  from 6 -6  t o  1 0 .2  meq/g 
t o t a l  a c i d i t y ,  1 .5  t o  4 , 7  meq/g c a r b o x y l  and 2 ,1  t o  5 .7  meq/g p h e n o l i c  
h y d ro x y l .  S t e e l i n c k  ( 1 9 6 3 ) ,  p r e s e n t i n g  d a t a  o f  W r ig h t  and S c h n l t z e r  
(1 9 5 9 ) ,  gave f u n c t i o n a l  g roup  c o n t e n t  v a l u e s  f o r  a  f o r e s t  p o d z o l  o f  
11 .5  meq/g t o t a l  a c i d i t y ,  8 .6  meq/g c a r b o x y l  and 2 . 9  meq/g p h e n o l i c  
h y d r o x y l .
The o n ly  f u n c t i o n a l  g m up  a n a l y s e s  t o  d a t e  on  m ar ine  s e d i m e n t a r y  
humic a c i d s  gave  much low er  t o t a l  a c i d i t i e s  than  s a m p l e s  examined i n  
t h i s  s t u d y .  Rashid  and King (1970) gave  t o t a l  a c i d i t y  v a l u e s  f o r  f i v e  
sed im en t  s a m p l e s ,  which  were from 2 . 0  t o  7 . 0  meq/g ,  b u t  moat v a l u e s  
were below 5 . 0  meq/g .  They r e p o r t e d  c a r b o x y l  c o n t e n t s  o f  2 .0  t o  5 ,0  
meq/g and p h e n o l i c  h y d r o x y l  c o n t e n t s  o f  0 . 5  to  2 . 5  m e q /g .  Humates 
examined i n  t h i s  s t u d y  had t o t a l  a c i d i t i e s  o f  7 .8  t o  1 0 .4  m eq /g ,  
i n d i c a t i n g  a  d i s p a r i t y  i n  r e s u l t s  o f  t h e  two I n v e s t i g a t i o n s .  The m a jo r  
d i f f e r e n c e s  a r o s e  from t h e  t o t a l  a c i d i t y  and p h e n o l i c  h y d r o x y l  v a l u e s  
w h i l e  t h e  c a r b o x y l  group c o n t e n t  r e s u l t s  were  s i m i l a r .
T he re  a r e  t h r e e  p o s s i b l e  e x p l a n a t i o n s  o f  t h e s e  d i f f e r e n c e s .  
F i r s t ,  t h e  R ash id  and King m a t e r i a l  may be r e p r e s e n t a t i v e  o f  t h e  t r u e
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m a r in e  humates  w h i l e  t h e  o r g a n i c  m a t t e r  I s o l a t e d  I n  t h i s  s t u d y  I s  o f  
t h e  t e r r e s t r i a l  v a r i e t y .  T h i s  a u t h o r  b e l i e v e s ,  on t h e  c o n t r a r y ,  
t h a t  most o r g a n i c  m a t t e r  I s o l a t e d  a t  e ach  o f f s h o r e  s t a t i o n  was g e n e r a t e d  
i n  s i t u  and d i d  n o t  r e s u l t  from t e r r i g e n o u s  I n f l u e n c e s .  Although th e  
r e s u l t s  o f  f u n c t i o n a l  g roup a n a l y s i s  p r e s e n t e d  In  t h i s  work show 
s i m i l a r i t i e s  t o  t e r r e s t r i a l  hum ates  i n  t h e i r  f u n c t i o n a l  group c o n t e n t ,  
t h e r e  I s  i n s u f f i c i e n t  I n f o r m a t i o n  in  t h e  l i t e r a t u r e  t o  i n d i c a t e  t h a t  
a l l  m a r in e  s e d i m e n t a r y  o r g a n i c  m a t t e r  would e x h i b i t  t h e  same low v a l u e s  
r e p o r t e d  by R ash id  and  K ing .  S i n c e  most  p a r t i c u l a t e  o r  d i s s o l v e d  
o r g a n i c  m a t t e r  i s  c o a g u l a t e d  and p r e c i p i t a t e d  w i t h i n  t h e  e s t u a r y ,  on ly  
c a t a s t r o p h i c  o c c u r r e n c e s  would c a u s e  s i g n i f i c a n t  amounts  o f  t e r r e s t r i a l l y  
d e r i v e d  m a t e r i a l s  t o  b e  d e p o s i t e d  more t h a n  100 km o f f s h o r e .  I f  t h e  
o f f s h o r e  sam ples  a r e  s i g n i f i c a n t l y  I n f l u e n c e d  by  t e r r i g e n o u s  s o u r c e s ,  
a n  argument c o u ld  be made t h a t  t h e  t r a n s i t i o n  from t e r r e s t r i a l  to  
m a r i n e  humates  o c c u r s  w i t h  t h e  f a r t h e s t  o f f s h o r e  sample  h av ing  a t o t a l  
a c i d i t y  v a l u e  c l o s e s t  t o  t h o s e  r e p o r t e d  by R ash id  and King.
S i n c e  s u c h  a  t r a n s i t i o n  I s  im p r o b a b le ,  a n o t h e r  e x p l a n a t i o n  
o f  t h e  d i f f e r e n c e s  co u ld  be d i f f e r e n t i a l  ch em ica l  a l t e r a t i o n  by e x t r a c t i o n  
t e c h n i q u e s .  E i t h e r  t h e  R ash id  and King method o r  t h e  p r e s e n t  method 
m igh t  a l t e r  t h e  humate  t o  a g r e a t e r  d e g r e e .  I t  i s  n o t  l i k e l y  t h a t  t h i s  
o c c u r r e d  s i n c e  b o t h  methods  employed an a c i d  p r e t r e a t m e n t  and e x t r a c t i o n  
w i t h  d i l u t e  b a s e .  However,  t h e  o n l y  way to  a c c u r a t e l y  check the  com­
p a t i b i l i t y  o f  t h e  two methods  i s  t o  subm it  one  sample  to  b o th  l a b o r a t o r i e s  
f o r  e x t r a c t i o n  and f u n c t i o n a l  g roup  a n a l y s i s  f o l l o w i n g  t h e i r  r e s p e c t i v e  
m e thods  and t o  compare  t h e  f i n a l  r e s u l t s .
The most l i k e l y  e x p l a n a t i o n  o f  d i f f e r e n c e s  i s  t h a t  the  m a t e r i a l s  
i s o l a t e d  i n  t h e  two s t u d i e s  a r e  d i s s i m i l a r  I n  t h e i r  ch em ica l  c h a r a c -
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t e r l s t l c s  and t h a t  they  a r e  b o t h  m a r in e  h u m a t e s » I n  b o t h  s t u d i e s *  
s e d i m e n t a r y  humic a c i d  samples  from d i f f e r e n t  s am p le  s i t e s  had v a r i a t i o n s  
I n  t o t a l  a c i d i t y  o f  up to  5 m eq /g ,  I n d i c a t i n g  a l l  humates  had d i f f e r e n t  
c h e m i c a l  c h a r a c t e r i s t i c s .  T hese  v a r i a t i o n s  w i t h i n  eac h  s t u d y  a r e  
p r o b a b l y  r e l a t e d  t o  l o c a l i z e d  e n v i r o n m e n t a l  e f f e c t s  and t h e  r e l a t i v e  
l o c a t i o n s  o f  s ed im en ta ry  b i o l o g i c a l  p o p u l a t i o n s .  L i t t l e  I s  known a b o u t  
t h e  e f f e c t  o f  mic roorgan ism  c o n c e n t r a t i o n s  and t h e i r  c o n t r i b u t i o n  t o  
s e d i m e n t a r y  o r g a n i c  m a t t e r .  S i n c e  much o f  t h e  c u r r e n t  t h e o r y  c o n c e r n i n g  
t h e  s y n t h e s i s  of humic a c i d s  i a  d i r e c t l y  r e l a t e d  t o  m i c r o o r g a n i s m s , 
v a r i a b i l i t y  o f  f u n c t i o n a l  g roup  a n a l y s i s  r e s u l t s  i s  p e r h a p s  r e l a t e d  t o  
m i c r o b i o l o g i c a l  s ed im en ta ry  p o p u l a t i o n s  and t h e  s y n t h e s i s  of  humic a c i d s .
The f u n c t i o n a l  group c o n t e n t  v a l u e s  m easu red  f o r  e ac h  o f  t h e  
I s o l a t e s  d i d  n o t  p r o v id e  a d e q u a t e  I n f o r m a t i o n  t o  p e r m i t  g e n e r a l i z a t i o n s .  
However,  i t  d o es  ap p ea r  t h a t  m os t  o f  t h e  p y r o p h o s p h a t e  s o l u b l e  h tuna t e a  
have  t o t a l  a c i d i t y  v a lu e s  e i t h e r  g r e a t h e r  t h a n ,  o r  e q u i v a l e n t  t o ,  t h e i r  
NaOH c o u t e r p a r t s  ( e x c e p t i o n s :  NC 4 ,  NC 6 , NC 1 1 ,  and  NC 20 ) .  Moat
c a r b o x y l  c o n t e n t s  were a p p r o x i m a t e l y  e q u a l ,  and  t h e r e f o r e  th e  p y r o p h o s p h a te  
and NaOH p h e n o l i c  hydroxyl  r e s u l t s  r e sem b led  t h e  t o t a l  a c i d i t y  v a l u e s .
T o t a l  a c i d i t y ,  c a r b o x y l ,  and p h e n o l i c  h y d r o x y l  v a l u e s  o f  t h e  
p y ro  and NaOH e x t r a c t s  as  w e l l  a s  t h e  sum o f  t h e s e  p a r a m e t e r s  f o r  t h e  
two I s o l a t e s  were  p l o t t e d  a g a i n s t  d i s t a n c e  o f f s h o r e  and  d e p t h .  These 
p l o t s  a r e  p r e s e n t e d  In  Appendix I I I .  For t o t a l  a c i d i t i e s  v s .  d i s t a n c e  
from s h o r e ,  p y ro  s o l u b l e  humates  showed a g r a d u a l  I n c r e a s e  in  t o t a l  
a c i d i t y  ou t  t o  abou t  200 km and th e n  d ropped  o f f  more r a p i d l y .  The 
NaOH e x t r a c t s  showed l i t t l e  e x c e p t  a  g r a d u a l  d e c r e a s i n g  t r e n d  s e a w a r d ,  
w i t h  v a r i a t i o n s  n o te d  l a t e r a l l y  up and down t h e  s l o p e .  A t r a n s i t i o n  
i s  a g a i n  n o te d  o c c u r r i n g  n e a r  200 km. The sum o f  t o t a l  a c i d i t y  v a l u e s
f o r  the  two e x t r a c t s  showed l e s s  o f f s h o r e  i n c r e a s e ,  w i th  l e s s  l a t e r a l  
d i s p l a c e m e n t ,  a g a i n  w i t h  an i n f l e c t i o n  a round  200 km. The sam ples  
a lo n g  th e  canyon a x i s  gave b e t t e r  c u rv es  t h a n  i f  a l l  t h e  d a t a  p o i n t s  
were c o n s id e r e d .
S i m i l a r  r e s u l t s  were o b t a i n e d  f o r  t h e  c a r b o x y l  g roup  c o n t e n t s ,  
w i th  an i n c r e a s i n g  t r e n d  o f f s h o r e  ou t  t o  200 km, an i n f l e c t i o n ,  and 
fo l l o w i n g  d e c r e a s e .  The sam p les  c o l l e c t e d  a l o n g  t h e  s l o p e  showed t h e  
l a t e r a l  v a r i a b i l i t y  to  a g r e a t e r  d e g re e  th a n  t h e  sam ples  from th e  a x i s  
o f  the  canyon. The p h e n o l i c  h y d ro x y l  c o n t e n t s  a l s o  showed t h i s  l a t e r a l  
v a r i a b i l i t y ,  bu t  were more c o n s t a n t  ou t  t o  200  km, where  v a l u e s  began 
to  d e c r e a s e .
A l l  f u n c t i o n a l  g roup a n a l y s i s  d a t a  was a l s o  p l o t t e d  a g a i n s t  
sample d e p th  (Appendix t i l ) .  The t o t a l  a c i d i t y  v a l u e s  f o r  t h e  py ro  
and NaOH e x t r a c t s  d i d  n o t  show a  c l e a r  c o r r e l a t i o n  w i t h  d e p t h ,  b u t  t h e  
mean o f  bo th  e x t r a c t s  p roduced  a  g r a d u a l l y  i n c r e a s i n g  c u r v e  o u t  to  
abou t  2000 m, fo l lo w ed  by i n c r e a s i n g  t o t a l  a c i d i t i e s .  A s i m i l a r  p a t t e r n  
was n o te d  f o r  t h e  caTboxyl g ro u p  p l o t s  w i t h  t h o s e  sam ples  l y i n g  a lo n g  
the  a x i s  o f  the  canyon h a v in g  t h e  most u n i fo r m  v a r i a t i o n  w i t h  d e p t h .
The p h e n o l i c  h y d ro x y l s  gave an a lm o s t  s t r a i g h t  l i n e  r e l a t i o n s h i p  o u t  
to  2200 m w i th  t h e  l a s t  d a t a  p o i n t  d e c r e a s i n g  f o r  t h e  p y r o p h o s p h a te  
I s o l a t e s  and f o r  t h e  mean f o r  t h e  pyro  and NaOH i s o l a t e s .  The NaOH 
humates shoved a d e c r e a s i n g  c u r v e  w i t h  t h e  a r e a  o f  g r e a t e s t  change  
around 1&0O m.
The p l o t s  o f  f u n c t i o n a l  g roup a n a l y s i s  v s .  d i s t a n c e  from t h e  
Chesapeake Bay mouth must  be c a r e f u l l y  i n t e r p r e t e d  s i n c e  a sample  t a k e n  
200 km from th e  mouth c o u ld  be i n  N o r fo lk  Canyon o r  on some s h a l l o w  
c o a s t a l  s h e l f  sand .  Thus,  t h e  i n f o r m a t i o n  i s  b e s t  a n a l y z e d  i n  t e rm s
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o f  t r a n s e c t s  o u t  from s h o r e .  Samples  f rom  th e  c o n t i n e n t a l  s l o p e  had 
l o c a l  v a r i a t i o n s  from c an y o n  s am p le s  a s  I n d i c a t e d  by f u n c t i o n a l  g roup  
a n a l y s i s .  Each sample  m us t  be examined I n  r e l a t i o n  t o  i t s  immedia te  
e n v i r o n m e n t  and  g e n e r a l i z a t i o n s  from l i m i t e d  d a t a  m us t  be made w i t h  
c a r e .  A l l  f u n c t i o n a l  g roup  a n a l y s i s  p l o t s  I n d i c a t e d  a change  o r  
t r a n s i t i o n  o c c u r r i n g  a t  o r  n e a r  2000  m d e p t h  and 200  km from s h o r e .
A l l  o f  t h e  t o t a l  a c i d i t y  d a t a  showed s i m i l a r  p a t t e r n s .  NC 3,  
from o u t s i d e  t h e  canyon ,  had a  t o t a l  a c i d i t y  o f  9 . 5  meq/g and  had t o  
be c o n s i d e r e d  s e p a r a t e l y  from th e  s a m p le s  w i t h i n  t h e  canyon ,  The 
sam ples  w i t h i n  t h e  u p p e r  r e g i o n s  o f  t h e  canyon  had t o t a l  a c i d i t y  v a l u e s  
o f  7 . 9  t o  8 . 4  m eq /g .  Sample s i t e s  NC 7,  NC B, and NC 4 had v a l u e s  n e a r  
10 meq/g  and  were  from t h e  s o u t h s l d e  o f  t h e  canyon  n e a r  1000  m d e p t h .
To th e  s o u t h  o f  t h e  c an y o n ,  s am p le s  a t  I n c r e a s i n g  d e p t h  had sm a l l  
u n e x p l a i n e d  d i f f e r e n c e s  i n  t o t a l  a c i d i t y .  NC 13 and NC 5 v a l u e s  were  
c l o s e  t o  t h o s e  a t  t h e  head o f  t h e  can y o n .  NC 12 had a  maximum v a l u e  
o f  1 0 .4  m eq /g ,  and NC 2 and  NC 15 e x h i b i t e d  a  d e c r e a s i n g  t r e n d  seaw ard .  
The p l o t s  o f  o t h e r  f u n c t i o n a l  g roup  a n a l y s i s  d a t a  had c o r r e l a t i o n s  and 
were s i m i l a r  t o  t h e  t o t a l  a c i d i t y  p l o t s .
Prom t h e  v a r i a t i o n s  i n  t o t a l  a c i d i t y  and c a r b o x y l  group 
c o n t e n t s ,  i t  a p p e a r s  t h a t  th e  s e d i m e n t a r y  humic a c i d s  were  In  v a r i o u s  
s t a g e s  o f  d e c o m p o s i t i o n  a n d / o r  p o l y m e r i z a t i o n .  A c l u s t e r i n g  p a t t e r n  
s i m i l a r  t o  t h e  c o n c e n t r a t i o n  d i s t r i b u t i o n  e v o lv e d  from t h e  f u n c t i o n a l  
group p l o t s .  NC 3 seemed u n i q u e ;  NC 16, NC 17, NC 16, NC 19,  NC 13, 
and  NC 5 a l l  had s i m i l a r  v a l u e s .  NC 11 and NC 6 had  t h e  c l o s e s t  r e s u l t s ;  
NC 12, NC 2,  and  NC 15 showed a d e c r e a s i n g  o f f s h o r e  t r e n d ;  and NC 20,
NC 14, NC 1 ,  and NC 9 w e re  g e o g r a p h i c a l l y  c l o s e  b u t  somewhat v a r y i n g  
i n  t h e i r  f u n c t i o n a l  g roup  a n a l y s i s  r e s u l t s .  At t h i s  t i m e ,  t h e  v a r i a t i o n s
can  n o t  be e x p l a i n e d ,  b u t  may be  r e l a t e d  t o  t h e  m i c r o b i a l  p o p u l a t i o n s  
a t  each  sample  s i t e  a s  w e l l  a s  to  th e  method o f  humate s y n t h e s i s .
No d i s c e r n i b l e  p a t t e r n s  o f  I n s h o r e  v s ,  o f f s h o r e  humates  
w ere  a p p a r e n t  from t h e  f u n c t i o n a l  group a n a l y s e s .  The I n s h o r e  s a m p le s  
g e n e r a l l y  had t o t a l  a c i d i t y ,  c a r b o x y l ,  and p h e n o l i c  h y d r o x y l  c o n t e n t s  
low er  than  t h o s e  o f  o f f s h o r e  s am p les .  No c l e a r  d i s t i n c t i o n  amongst 
f r e s h w a t e r ,  I n s h o r e ,  and o f f s h o r e  humates i n  t h e  s tu d y  a r e a  can be 
b ased  on f u n c t i o n a l  g roup  a n a l y s i s  a lo n e .
D i s c u s s i o n  o f  i n f r a r e d  a n a l y s i s  r e s u l t s
The i n f r a r e d  s p e c t r a  o f  a l l  t h e s e  humate I s o l a t e s  f i t  t h e  
S tev en so n  and Coh Type I I I  c l a s s i f i c a t i o n .  A l l  t h e  s p e c t r a ,  f r e s h w a t e r ,  
e s t u a r l n e ,  and o f f s h o r e ,  r e s e m b le d  one a n o t h e r ,  which was somewhat 
u n e x p e c te d .  F r e s h w a t e r  s e d i m e n t a r y  o r g a n i c  m a t t e r  sam p les  were  e x p e c t e d  
t o  be d i s s i m i l a r  from m a r i n e  hum ates .  E x t r a c t s  from a p o d z o l  B h o r i z o n  
o f  a Michigan s o i l  sample  a l s o  y i e l d e d  t h i s  t y p e  of  s p e c t r a  (S t e v e n s o n  
and Goh, 1971) .  S o i l s  t h a t  may have c o n t r i b u t e d  t o  t h e  s e d i m e n t a r y  
o r g a n i c  m a t t e r  o f  t h e  M a t t a p o n l  and York R i v e r s  were e i t h e r  r e d  and 
y e l l o w  p o d z o l s  (most  l i k e l y ) ,  g round  w a te r  p o d z o l a ,  o r  m a r s h e s  (Hunt ,  
1 972) .  I n f r a r e d  s p e c t r a  o f  t h e s e  s o i l  t y p e s  were no t  a v a i l a b l e  b u t  
would have p r o b a b l y  been  s i m i l a r  t o  t h e  M ich ig an  p o d z o l .  T h i s  has  
n o t  been c o n f i rm ed  by  e x p e r i m e n t ,  s i n c e  l i t t l e  i s  g a in ed  u n l e s s  con ­
t r i b u t i o n s  o f  t h e s e  s o i l  t y p e s  t o  t h e  s e d i m e n t a r y  o r g a n i c  m a t t e r  a r e  
known f o r  t h e  Chesapeake  Bay.
From th e  C an a d ia n  M a r i t im e  P r o v i n c e s  t o  t h e  TexaH C u l f  c o a s t ,  
t h e  N or th  American  c o n t i n e n t  i s  r i m e d  w i th  p o d z o l l c  s o i l s  which  p r o b a b l y  
a l l  y i e l d  t h e  Type I I I  s p e c t r a  and  may c o n t r i b u t e  to  t h e  s e d i m e n t a r y
o r g a n i c  m a t t e r  o f  l a k e s ,  r i v e r s ,  and e s t u a r i e s  t o  some d e g r e e .  Each 
sample  s i t e  m us t  b e  i n d i v i d u a l l y  examined a s  t o  t h e  r e l a t i v e  con ­
t r i b u t i o n s  o f  e r o d e d  s o i l  and  a i t u  g e n e r a t i o n .  No d i s t i n c t i o n s  
can be  drawn b e tw e e n  t e r r e s t r i a l l y  d e r i v e d  h u m a te s  and  t h o s e  g e n e r a t e d  
i n  s i t u  s o l e l y  b a s e d  upon I n f r a r e d  s p e c t r a  o f  t h i s  s t u d y ,  b u t  some 
i n s i g h t  i n t o  t h e  c h a r a c t e r  o f  t h e  i s o l a t e s  c a n  b e  d e d u c e d .
A b so r b an c e s  In  t h e  3400  cm- * r e g i o n  were  n o t  good c h a r a c ­
t e r i s t i c s  s i n c e  t h e s e  b ro a d  s t r o n g  a b s o r b a n c e s  w e re  p r e s e n t  i n  a l l  
s p e c t r a .  S i m i l a r l y ,  t h e  2900 cm- * r e g i o n  showed a d o u b l e t  f o r  a l l  t h e  
s a m p le s  and I n d i c a t e d  t h e  a l i p h a t i c  n a t u r e  o f  t h e s e  i s o l a t e s .  The 
p y r o p h o s p h a t e  and  NaOH e x t r a c t s  o f  EH had v e r y  s t r o n g  a b s o r b a n c e s  I n  
t h i s  r e g i o n ,  m o s t  l i k e l y  r e l a t e d  t o  t h e  h i g h l y  i n d u s t r i a l i z e d ,  p o l l u t e d  
e s t u a r l n e  a r e a .  Most o f f s h o r e  s a m p le s  had s t r o n g e r  a b s o r b a n c e s  n e a r  
2900 cm- * t h a n  d i d  t h e  i n s h o r e  s a m p l e s ,  w h i l e  t h e  r e m a i n i n g  o f f s h o r e  
hum ates  had a b s o r b a n c e s  e q u i v a l e n t  t o  t h e  i n s h o r e  s a m p l e s .  A l t h o u g h  
a s t r o n g  d i f f e r e n c e  I s  n o t  a p p a r e n t ,  an  i n c r e a s e  i n  t h e  a b s o r b a n c e s  
n e a r  290P cm- * f o r  t h e  o f f s h o r e  s a m p le s  i n d i c a t e s  a n  i n c r e a s e d  a l i p h a t i c  
n a t u r e .  O f f s h o r e  s a m p l e s  w i t h  a p p a r e n t l y  more  a l i p h a t i c  a a r b o n  w e re :
NC 1 ,  NC 2 ,  NC 3 ,  NC 4 ,  NC 5 ,  NC 6 , NC 7 ,  and NC 15. T h o se  s am p le s  
w i th  s l i g h t l y  l e s s  I n t e n s e  a b s o r b a n c e s  w e r e :  NC 8 , NC 1 3 ,  NC 1 4 ,  and  
NC 16 .
Humates c o l l e c t e d  In  t h i s  s t u d y  w e re  d i v i d e d  I n t o  t h r e e  g r o u p s  
b a sed  upon r e l a t i v e  a b s o r b a n c e s  a t  1720 cm- * an d  1650 cm- *. I n  t h e  
f i r s t  g roup  o n l y  t h r e e  i s o l a t e s  w ere  f o u n d  w i t h  a b s o r b a n c e s  much g r e a t e r  
a t  1720 cm- * t h a n  1650  cm- *. NC 2 - p y r o ,  NC 2-NaOH, an d  NC 11-NaOH had 
s i g n i f i c a n t l y  l a r g e r  a b s o r b a n c e s  a t  1720 cm- * ,  s u g g e s t i n g  g r e a t e r  c o n ­
t r i b u t i o n s  from c a r b o n y l  o f  a c i d  o r  e s t e r  t h a n  f rom  c a r b o n y l  o f  p e p t i d e .
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The n e x t  group o f  i s o l a t e s  w i th  l a r g e  1650 cm- * a b so rb an c es ,  i n t e r p r e t e d  
a s  ca rbony l  o f  p e p t i d e ,  was:  NC 3 ,  pyro and NaOH; NC 4, py ro  and NaOH;
NC 5 , pyro and NaOH; NC 6 , pyro  and NaOH; NC 11, NaOH; NC 13, pyro and 
NaOH; NC 15,  pyro  and NaOH; and a l l  the  conc .  NaOH I s o l a t e s  excep t  
NC 11. The rem a in ing  humates  had e i t h e r  e q u i v a l e n t  or  i n d i s t i n g u i s h a b l e  
absorbances  in  t h i s  s p e c t r a l  r e g i o n ,  w i th  the  e x c e p t io n  o f  t h e  NC 7,  
pyro and NaOH e x t r a c t s ,  which absorbed  a t  1720 cm- * and 1610 cm- *.
The s h i f t  In  a b so r b a n c e s  might have been due to  h y d r o l y s i s  a t  th e  
ca r b o n y l ,  but no o t h e r  samples  showed t h e s e  s h i f t s .  No r e g u l a r  geo­
g r a p h i c a l  v a r i a t i o n s  were  e v id e n t  from t h e  ab so rb an ces  in  t h i s  r e g i o n .
Changes i n  a b so rb an c e  a t  1540 cm- * ( p e p t i d e  l i n k a g e )  were 
d i r e c t l y  r e l a t e d  to  t h e  n i t r o g e n  c o n t e n t s  o f  the  samples ,  which has 
been s u b s t a n t i a t e d  h e r e  by e l em en ta l  a n a l y s i s .  For  t h e  Type I I I  humates,  
comparing ab so rb an ces  a t  1540 cm- * t o  ab so rb an ces  a t  1450 cm- * and 13H0 
cm- * ( a l i p h a t i c  CH^ and CH^) gave an  ap p ro x im a t io n  o f  t h e  r e l a t i v e  ages  
o f  o rg an ic  m a t t e r  s i m i l a r l y  p r e p a r e d .  A s t r o n g  i n d i c a t i o n  o f  an i n s h o r e -  
o f f s h o r e  d i f f e r e n c e  came i n  t h i s  r e g io n .  R ather  t h a n  d i s t i n g u i s h i n g  
t e r r e s t r i a l  from marine  humates ,  more a p p r o p r i a t e  te rm in o lo g y  would 
be t e r r e s t r i a l  v s .  i n  s i t u . S e v e ra l  o f f s h o r e  samples showed p r a c t i c a l l y  
no absorbance  n e a r  1540 cm- *: pyro and NaOH e x t r a c t s  of NC 2 ,  NC 7,
NC 5, and NC 12. This  a u th o r  b e l i e v e s  t h a t  t h e i r  n i t r o g e n  c o n te n t  had 
dec rea sed  th rough  an a g in g  p r o c e s s  ( h u m i f i c a t i o n ) ,  and found c o n f i r m a t io n  
f o r  t h i s  in  e l em en ta l  a n a l y s i s  r e s u l t s .  A l l  o t h e r  o f f s h o r e  samples 
showed medium to  s t r o n g  ab so rb an ces  n e a r  1540 cm- * and 1450 cm- *,  w h i l e  
most o f  the  in s h o r e  samples  had a lmost no ab so rb an ces  In  t h i s  r e g io n  
f o r  t h e  pyrophospha te  e x t r a c t s  and some v e ry  weak ones  f o r  t h e  NaOH. 
e x t r a c t s .  One in s h o r e  e x c e p t io n  was t h e  JC sample which was p ro b a b ly
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f r e s h l y  g e n e r a t e d  _ln s i t u  s e d i m e n t a r y  o r g a n i c  m a t t e r  d e r i v e d  from o r  
m a n u fa c tu r ed  by r e s i d e n t  p o p u l a t i o n s  of m ic r o o rg a n i s m s ,  w h e r e a s  th e  
u p r i v e r  samples  were  p r o b a b ly  t h e  r e s u l t  o f  a l t e r a t i o n s  to  a n d / o r  
a c c u m u la t io n s  of  t e r r e s t r i a l l y  d e r i v e d  o r g a n i c  m a t t e r .
The o n ly  v a l u a b l e  I n f o r m a t i o n  from a b so r b a n c e s  i n  t h e  1200 
c n '^  r e g i o n  was t h a t  as  t h e  a p p l i e d  e x t r a c t a n t  became more b a s i c ,  t h e  
s u b s e q u e n t  a b s o r b a n c e s  go t  w e a k e r ,  I n d i c a t i n g  a  d e c r e a s e d  a c i d i t y  of 
t h e  I s o l a t e s .
A bso rbances  n e a r  1050 cm- * m igh t  be p rom is ing  f o r  d i s t i n g u i s h ­
ing  t e r r e s t r i a l l y  d e r i v e d  humates from t h o s e  g e n e r a t e d  I n  s i t u . The 
p y r o p h o s p h a te  and NaOH e x t r a c t s  o f  NC 1 and  NC 15 shoved t h e  s t r o n g e s t  
a b s o r b a n c e s  In t h i s  r e g i o n  and w e re  t h e  sam p les  l e a s t  l i k e l y  t o  be  
a f f e c t e d  by t e r r e s t r i a l  s o u r c e s  s i n c e  they  were  f a r t h e s t  from s h o r e .
The VB humates  had s t r o n g  a b s o r b a n c e s  n e a r  1050 cm"! ,  which  I s  n o t  
f u l l y  u n d e r s t o o d .  The e x t r e m e l y  low c o n c e n t r a t i o n s  o f  o r g a n i c  m a t t e r  
in  t h i s  sample and t h e  co n seq u en t  Im p o r tan ce  o f  o r g a n i c  components 
g e n e r a t e d  by b a c t e r i a  i n d ig e n o u s  t o  t h e  sand  m igh t  be r e l a t e d  to  t h e s e  
a b s o r b a n c e s .  O v e r a l l ,  o f f s h o r e  sam p les  d i d  show s t r o n g e r  a b so r b a n c e s  
nea r  1050 cm'* t h a n  t h e  I n s h o r e  s a m p l e s .
There  was n o t h i n g  d i s c e r n i b l e  I n  t h e  r e g i o n  below 1000 cm- * 
f o r  t h e  i n s h o r e  s a m p l e s ,  b u t  some o f  t h e  o f f s h o r e  s am p les ,  which  In  
o t h e r  r e s p e c t s  e x h i b i t  g r e a t e r  a l i p h a t i c  n a t u r e ,  showed a b s o r b a n c e s  
n ea r  725 cm- *. P y r o p h o sp h a te  e x t r a c t s  o f  NC 12 and NC 1 3 ,  NaOH e x t r a c t s  
of NC 2 ,  NC 3 ,  NC NC 9, NC 12, and  NC 1 4 ,  and a l l  t h e  c o n c .  NaOH 
i s o l a t e s  a bso rbed  I n  t h i s  r e g i o n .  H os t  a s s i g n m e n t s  n ea r  725 cm- * a r e  
r e l a t e d  t o  e i t h e r  m o n o - s u b s t i t u t e d  a r o m a t i c s  o r  p y r l d i n e s .  S p e c t r a l  
c o r r e l a t i o n  c h a r t s  I n d i c a t e  t h a t  ( ^ 2)4  g i v e s  medium a b s o r b a n c e s  from
750 cm- * t o  720 cm- *. T h i s  a s s ig n m e n t  was t h e  m os t  l i k e l y ,  s i n c e  
n o n - t e r r e s t r i a l l y  d e r i v e d  s e d i m e n t a r y  o r g a n i c  m a t t e r  s h o u ld  be  m ore  
a l i p h a t i c  In  n a t u r e  and  o t h e r  a b s o r b a n c e s  were p r e s e n t  I n d i c a t i v e  
o f  a l i p h a t i c i t y .
No r e g u l a r  v a r i a t i o n s  i n  s p e c t r a  were  n o t e d  w i t h  d e p t h  o r  
d i s t a n c e  from t h e  bay  m outh .
D i s c u s s i o n  o f  e l e m e n t a l  a n a l y s i s  r e s u l t s
The p y r o p h o s p h a te  e x t r a c t s  w e re  chosen  f o r  e l e m e n t a l  a n a l y s i s  
o f  h u m a te s ,  b e c a u s e  t h e  NaOH e x t r a c t s  w e re  o f t e n  c o n t a m i n a t e d  w i t h  some 
o f  t h e  py ro—s o l u b l e  h u m a te s .  I t  was f e l t  t h a t  t h e  p y ro  I s o l a t e s  would 
be more c o n s i s t e n t  i n  c o m p o s i t i o n .  S e v e r a l  NaOH e x t r a c t s  w ere  a l s o  
I n c l u d e d  f o r  a n a l y s i s  t o  d e t e r m i n e  c o m p o s i t i o n  s i m i l a r i t y  w i t h  p y r o ­
p h o s p h a t e  e x t r a c t s .  C o n c l u s i o n s  a r e  l i m i t e d  by t h e  s m a l l  number  o f  
s a m p l e s ,  b u t  I t  a p p e a r s  t h a t  t h e  NaOH hum ates  a r e  c o m p o s l t l o n a l l y  v e r y  
t o  t h e  p y ro  hu m a te s .
E l e m e n t a l  a n a l y s i s  r e s u l t s  w e re  w i t h i n  t h e  l i m i t s  f o u n d  i n  
t h e  l i t e r a t u r e .  For e i g h t  humic a c i d s  i s o l a t e d  from v a r i o u s  s o i l  
t y p e s ,  e l e m e n t a l  a n a l y s e s  were 52 t o  58X c a r b o n ,  3 t o  5X h y d r o g e n ,  and 
from l e s a  t h a n  1 t o  51 n i t r o g e n  (Kononova, 19663, The u n a c c o u n t e d  f o r  
m a t e r i a l s  w ere  a t t r i b u t e d  t o  oxygen o r  oxygen  and s u l f u r ,  and  c o n s t i t u t e d  
35 t o  502 o f  s o i l  htimlc a c i d  by w e i g h t .  S c h n l t z e r  and  Khan (1 9 7 2 )  
r e p o r t e d  t h e  f o l l o w i n g  l i t e r a t u r e  v a l u e s  f o r  e l e m e n t a l  a n a l y s e s  o f  
s o i l  humic a c i d s :  54 t o  601 c a r b o n ,  4 t o  62 h y d r o g e n ,  2 t o  4X n i t r o g e n ,
0 . 4  t o  IX s u l f u r ,  and 32 t o  37X oxygen .  These  two s e t s  o f  v a l u e s  a r e  
r e p r e s e n t a t i v e  o f  t h e  many e l e m e n t a l  a n a l y s e s  o f  s o i l  humic a c i d s  p r e s e n t  
I n  t h e  l i t e r a t u r e .  T h e re  a r e  few r e f e r e n c e s  t o  e l e m e n t a l  c o m p o s i t i o n  
o f  m a r i n e  hum ates  t o  d a t e .
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Bordovsky (1965)  l i l t e d  e l e m e n t a l  a n a l y s i s  d a t a  f o r  humic 
a c i d s  e x t r a c t e d  from B e r in g  Sea s e d i m e n t  s am ples  (by d e p t h ) :  67 m,
4 9 .2 3 1  C, 7.16% H, 2 .8 0 1  N, 40 .8 1 1  0+S; 82 m, 52.25% C» 6 .9 3 1  H, 3 .841
N. 36.89SI O+S; 508 m,  5 3 .9 3 1  € ,  6.10% H, 3.08% N, 3 6 .8 9 1  0+S; 3451 n ,
54 .7 5 1  C, 6 .301  H, 2 .9 8 1  N, 35 .971  O+S,
King (1967) a n a l y z e d  f o u r  m a r i n e  humate s am p le s  from c o a s t a l
s e d i m e n t s  o f f  Nova S c o t i a  a s :  5 2 .8  t o  63.6% C, 6 . 3  t o  7.3% H, 4 . 2  t o
5.6% N, end  2 4 .0  to  32.4% O+S. T hese  v a l u e s  b e a r  t h e  c l o s e s t  r e l a t i o n ­
s h i p  t o  t h o s e  from i s o l a t e s  In  t h i s  s t u d y .
Choctawhatchee  Bay, F l o r i d a ,  sed lmentH c o n t a i n e d  humic a c i d s  
w i t h  somewhat s i m i l a r  e l e m e n t a l  a n a l y s i s :  55.6% C, 5.8% H, 3.7% H,
1.3% 5 ,  and  33.6% 0 ( P a l a c e s ,  Swanson, and Love,  1 9 6 8 ) .
I s h l w a t a r l  (1971)  p r e s e n t e d  e l e m e n t a l  a n a l y s i s  d a t a  f o r  
s e d i m e n t a r y  humic a c i d s  from J a p a n :  K i i  p e n i n s u l a ,  52.21% C, 5.67% H,
9.83% N, 32.29% 0+S; Sagami Bay, 55.26% C, 5.62% H, 6.11% N, 33.01%
O+S; Sea o f  J apan  ( s u r f a c e ) ,  47,23% C, 5.84% H, 4.30% N, 42.63% 0+S;
Sea o f  J a p a n  (1 m e t e r ) ,  56.00% C, 5.98% H, 4,18% N, 33.84% O+S,
S aan ich  I n l e t ,  Canada, s e d i m e n t a r y  humates  had lo w e r  con­
c e n t r a t i o n s  o f  n i t r o g e n  th a n  most o f  t h e  humates  g e n e r a t e d  i n  s i t u , b u t  
a l s o  much more s u l f u r  t h a n  m os t :  s u r f a c e ,  56.7% C, 5.9% H, 2.2% N,
5.9% S, and 29.3% 0 ;  s u b s u r f a c e ,  57.8% C, 5.4% H, 1.5% N, 3.0% S, and
32.3% 0 (Brown e t  a l .  , 1972) .
The humates e x t r a c t e d  from Dead Sea s e d im e n t s  were  shown t o  
be d i s s i m i l a r  from s u r r o u n d i n g  s o i l  h u m a te s .  Nissenhaum et: a l .* (1972) 
p r e s e n t e d  t h e  f o l lo w in g  r e s u l t s  o f  e l e m e n t a l  a n a l y s i s  f o r  t h e s e  humates  
b e l i e v e d  g e n e r a te d  s i t u  I 52.57 t o  58.94% C, 5 .2 5  t o  6.20% H, 1 .62  
t o  2.93% N, and 1 .89  t o  5.39% S. The d e e p e s t  sample  had t h e  h i g h e s t
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s u l f u r  c o n t e n t  end was t h e  most d i s s i m i l a r  f rom  t h e  s u r r o u n d i n g  
t e r r e s t r i a l  humates*
Hiaaenbaum and Kaplan {1972} a l s o  made a s t r o n g  c a s e  f o r  
In  s i t u  g e n e r a t i o n  o f  humates I n  west  c o a s t  s e d im e n t s -  The e l e m e n t a l  
a n a l y s i s  r e s u l t s  approx im ate  t h o s e  of t h i s  s t u d y  bu t  h a v e  h i g h e r  oxygen 
and low er  c a r b o n  c o n t e n t s :  43.  B9 to  58 .881  C, 4 . 6 0  to  6.56% H, 3 .80
to  6-24% N, 0-87 to  2 , 12% S, 27-16  to  36-69% 0 .
T h r ee  Lake O nta r io  s e d im e n ta r y  humate  samples  had t h e  e l e m e n ta l  
c o m p o s i t i o n s :  51.77 to  53,57% C, 5 .92  to  6,54% H, 6 ,6 9  t o  7-97% N,
3 3 .4 0  to  34.59% 0 (Kemp and Hong, 1974}- T h i s  was t h e  n a r r o w e s t  ran g e  
o f  any d a t a  s e t  In  t h e  l i t e r a t u r e -  S i m i l a r  c o n d i t i o n s  f o r  humate 
f o r m a t i o n  a t  each  o f  t h e  sample s i t e s  might  have  been r e s p o n s i b l e  f o r  
t h e  c o n s t a n c y  o f  e l e m e n ta l  a n a l y s i s  r e s u l t s .
The humates i s o l a t e d  h e r e  ag reed  more c l o s e l y  i n  e l e m e n t a l  
a n a l y s i s  w i t h  l a c u B t r l n e  and m a r in e  humates t h a n  w i t h  s o i l  humates- 
Spme e l e m e n t a l  v a r i a t i o n s  were n o te d  w i t h i n  most  o t h e r  s t u d i e s  and In 
th e  hum ates  i s o l a t e d  h e re .  Most a n a l y s e s  o f  m a r in e  humate  which  were  
p r o b a b l y  g e n e r a t e d  ^ n  s i t u - gave  g r e a t e r  oxygen  c o n c e n t r a t i o n s  t h a n  
found i n  hum ates  i s o l a t e d  h e r e .  S o i l  humates  had  even g r e a t e r  oxygen 
c o n c e n t r a t i o n s .
E l e m e n ta l  r a t i o s  and e m p i r i c a l  fo r m u la s  were  c a l c u l a t e d  from th e  
e l e m e n t a l  a n a l y s i s  d a ta  i n  t h e  l i t e r a t u r e ,  C/H r a t i o s  were  g e n e r a l l y  
h i g h e r  f o r  s o i l  humates  (9 t o  18} than  f o r  hum ates  g e n e r a t e d  i n  
s e d i m e n t s  (7 t o  9 ) .  S i m i l a r l y -  s o i l  humates  had e m p i r i c a l  fo rm u la s  
w i t h  t h e  number of  hydrogen a toms a p p r o x im a te ly  eq u a l  o r  l e s s  t h a n  th e  
number o f  c a rb o n  atoms w h i l e  s e d im e n ta r y  g e n e r a t e d  humates  had a  
n o t i c e a b l y  h i g h e r  number o f  hydrogen  a toms.  The t e r r e s t r i a l  humates
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had h i g h e r  C/H and C/S r a t i o H ,  b u t  s u l f u r  c o n t e n t s  had  n o t  b e e n  
e x t e n s i v e l y  r e p o r t e d  f o r  t e r r e s t r i a l l y  d e r i v e d  hum ates  o r  h u m a te s  
g e n e r a t e d  J j i  s i t u .
W i t h i n  r e l a t i v e l y  c l o s e  sample  a r e a s ,  v a r i a t i o n s  d i d  o c c u r  
f o r  t h i s  and o t h e r  r e p o r t e d  i n v e s t i g a t i o n s ,  and were  t h u s  I n d e p e n d e n t  
o f  t h e  m e th o d o lo g y  u s e d  t o  i s o l a t e  t h e  hum ate .  T h i s  f u r t h e r  s u p p o r t s  
t h e  c o n t e n t i o n  t h a t  c h em ica l  c h a r a c t e r i s t i c s  o f  humate  h a v e  w ide  l o c a l  
v a r i a t i o n s .
A c o r r e l a t i o n  was n o t e d  be tw een  t h e  n i t r o g e n  c o n t e n t  and  
t h e  r e l a t i v e  i n f r a r e d  a b s o r b a n c e s  a t  1540 cm- *-. When 1540 cm-1  were  
e i t h e r  weak o r  a b s e n t ,  n i t r o g e n  c o n c e n t r a t i o n s  w e re  low, and  where  
t h e r e  w ere  s t r o n g e r  a b s o r b a n c e s ,  c o n c e n t r a t i o n s  o f  n i t r o g e n  w ere  h i g h e r - 
T h i s  I n f o r m a t i o n  can  p r o v i d e  a  m easu re  o f  t h e  r e l a t i v e  d e g r e e  o f  
h u m i f i c a t i o n  a n d / o r  c o n t r i b u t i o n  o f  t e r r e s t r i a l  h u m a te s .
E l e m e n ta l  c o n c e n t r a t i o n s  were  p l o t t e d  a g a i n s t  d i s t a n c e  from 
t h e  b a y  mouth  and d e p t h  o f  s ed im en t  sample  (Appendix  I I I ) .  The c a r b o n  
c o n c e n t r a t i o n  i n c r e a s e d  w i t h  d e p th  o u t  t o  2000  m and t h e n  d e c r e a s e d ;  
h yd rogen  e x h i b i t e d  a s l i g h t l y  d e c r e a s i n g  c o n c e n t r a t i o n  t r e n d  o f f s h o r e ;  
n i t r o g e n  d e c r e a s e d  t o  a minimum n e a r  2200  m and t h e n  i n c r e a s e d ;  s u l f u r  
c o n t e n t  d e c r e a s e d  o f f s h o r e  and  oxygen showed no a p p a r e n t  d i s t r i b u t i o n  
t r e n d .  The same p a t t e r n  e v o lv e d  f o r  t h e  p l o t s  a g a i n s t  d i s t a n c e  from 
s h o r e  w i t h  t h e  c u r v e s  showing i n f l e c t i o n s  n e a r  200  km f o r  c a r b o n  and 
n i t r o g e n  c o n c e n t r a t i o n s .  Oxygen showed a s c a t t e r e d  d e c r e a s i n g  t r e n d  
seaw ard .
The e l e m e n t a l  r a t i o s  were  a l s o  p l o t t e d  a g a i n s t  d e p t h  and  
d i s t a n c e  f rom  s h o r e .  C/H and C/N i n c r e a s e d  w i t h  d e p t h  o u t  t o  a  maximum 
n e a r  2200 m and  t h e n  d e c r e a s e d ,  C/S i n c r e a s e d  s l i g h t l y  o f f s h o r e ,  and
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C/0  was n e a r l y  c o n s t a n t .  C/H, C/N, C/S, and C/0  a l l  I n c r e a s e d  w i t h  
d i s t a n c e  from s h o r e  to  n e a r  200 km and t h e n  d e c r e a s e d .  I t  l a  Im p o r t a n t  
t o  e m p h as iz e  t h e  v a r i a b i l i t y  In  t h e s e  p l o t s  from t h e  s am p le s  t h a t  
o c c u r r e d  up and down th e  canyon s l o p e s .  D i s t a n c e  from s h o r e  and d e p th  
can  n o t  be u sed  r e l i a b l y  I n  p l o t s  u n l e s s  t h e  t r a n s e c t  from s h o r e  I s  
p a r a l l e l  t o  t h e  a x i s  o f  t h e  canyon. Th is  same s i t u a t i o n  m a n i f e s t e d  
I t s e l f  i n  p l o t s  o f  th e  humate f u n c t i o n a l  g roup v a l u e s .
E l e m e n ta l  r a t i o s  o f f e r e d  more I n t e r p r e t a b l e  i n f o r m a t i o n  
t h a n  e l e m e n t a l  c o n c e n t r a t i o n s  I n  r e g a r d  t o  t h e  n a t u r e  o f  t h e  I s o l a t e s .  
I n d i c a t i o n s  were  t h a t  a s  samples  became more  d i s t a n t  from s h o r e  t h e y  
I n c r e a s e d  i n  c a r b o n  c o n t e n t  ou t  t o  a p o i n t ,  a p p r o x i m a t e l y  200 km and 
2200 m d e e p .  I n c r e a s i n g  c a r b o n i z a t i o n  was m os t  l i k e l y  a  r e s u l t  o f  
o r g a n i c  m a t t e r  g e n e r a t e d  n e a r  t h e  head o f  t h e  N o r f o l k  Canyon a g i n g  a s  
I t  s lumped down t h e  canyon.
When t o p o g r a p h i c  p l o t s  o f  the  e l e m e n t a l  a n a l y s e s  and t h e  
r a t i o s  o f  e l e m e n t s  ( F i g u r e s  11 t o  19) were exam ined ,  I t  a p p e a r e d  t h a t  
s am ples  n e a r  t h e  head and s o u t h s i d e  o f  t h e  canyon  were  more  f r e s h l y  
g e n e r a t e d  t h a n  e i t h e r  t h e  I n s h o r e  samples  o r  t h e  py ro  e x t r a c t s  of  NC 7, 
NC 5,  NC 1 2 ,  and NC 2, w h ich  had h i g h e r  C/H r a t i o s  th a n  most o t h e r  
s a m p l e s .  These  same sam p le s  from th e  uppe r  canyon  r e g i o n s  a l s o  had 
low er  C/N r a t i o s ,  I n d i c a t i v e  o f  more r e c e n t l y  g e n e r a t e d  o r g a n i c  m a t t e r .  
Samples f rom  t h e  head and s o u t h s i d e  o f  t h e  canyon  a s  w e l l  a s  t h o s e  
f a r t h e s t  from s h o r e  had C/N r a t i o s  o f  7 t o  10. NC 7,  NC 5,  NC 12,  and 
NC 2 a l l  had C/N r a t i o s  cZ 13 to  17. These  f o u r  sam ples  were  from t h e  
a x i s  o f  t h e  canyon  from 650 to  3000 m.
Three  I n s h o r e  humates  examined a l s o  had i n t e r e s t i n g  r e s u l t s .  
The f r e s h w a t e r  sam ple ,  HP, had a f a i r l y  h i g h  C/N (13)  and a v e r y  h ig h
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s u l f u r  ( 3 5 - 4 7 ) .  The d a t a  f rom  t h i s  s t u d y  I n d i c a t e d  t h a t  t h e  MP h u m a te s  
w e r e  t e r r e s t r i a l l y  d e r i v e d .  D a ta  I s  somewhat l i m i t e d  ( u n t i l  r e c e n t l y ,  
f e w  e l e m e n t a l  a n a l y s e s  I n c l u d e d  s u l f u r ) ,  bu t  s u l f u r  c o n t e n t s  may a l s o  
I n d i c a t e  t r a n s i t i o n s  o c c u r r i n g  from a t e r r e s t r i a l l y  d e r i v e d  m a t e r i a l  
t o  o n e  t h a t  i s  g e n e r a t e d  I n  s i t u .
R e s u l t s  o f  t h e  f r e s h w a t e r  humate a n a l y s i s  l e a d s  t o  t h e  c o n ­
c l u s i o n  t h a t  many o f  t h e  o f f s h o r e  i s o l a t e s  w ere  more r e c e n t  i n  g e n e r a t i o n .  
E l e m e n t a l  r a t i o s  o f  t h e  m a r s h  s a m p l e ,  J C , I n d i c a t e d  t h a t  t h i s  o r g a n i c  
m a t t e r  w a s  a l s o  s i m i l a r  t o  t h o s e  r e c e n t l y  g e n e r a t e d  I n  s i t u  o f f s h o r e  
h u m a t e s ,  w h i c h  was a l s o  s u p p o r t e d  by  i n f r a r e d  e v i d e n c e .
From t h e  e l e m e n t a l  a n a l y s i s  d a t a  I t  a p p e a r e d  t h a t  t h e  u p r i v e r  
h u m a te  was  t e r r e s t r i a l l y  d e r i v e d  w h i l e  JC and d o w n r i v e r  s am p les  w e re  
a  r e s u l t  o f  l o c a l  i n f l u e n c e s .  The m a j o r i t y  o f  s e d i m e n t a r y  o r g a n i c  
m a t t e r  i n  t h e  N o r f o l k  Canyon  was p r o b a b l y  g e n e r a t e d  n e a r  t h e  head  and  
w as  a l t e r e d  w h i l e  s l u m p i n g  down t h e  canyon. Humates  f rom  t h e  n o r t h  and 
s o u t h  o f  t h e  c an y o n  w ere  a  r e s u l t  o f  J r i  s i t u  g e n e r a t i o n  and  l o c a l  
a l t e r a t i o n s -  NC 15 was s u f f i c i e n t l y  f a r  o f f s h o r e  t h a t  i t  was n o t  
a f f e c t e d  s i g n i f i c a n t l y  by  t h e  s lu m p in g  o r g a n i c  m a t t e r  from t h e  N o r f o l k  
C an y o n .  NC 12 h u m a te  r e p r e s e n t e d  some o f  t h e  most a l t e r e d  hum ate  an d  
NC 2 a p p e a r e d  t o  b e  I n  t h e  t r a n s i t i o n  from t h e  aged  hum ate  t o  t h e  more  
f r e s h l y  g e n e r a t e d  h u m a t e .  The t r a n s i t i o n s  n o t e d  f o r  t h e  f u n c t i o n a l  
g r o u p  a n a l y s e s  an d  e l e m e n t a l  a n a l y s e s  n e a t  2000 m d e p t h  and 200 km 
o f f s h o r e  o f f e r e d  s u p p o r t  f o r  t h e s e  a rg u m e n ts .
CONCLUSIONS
The e x t r a c t i o n  method employed h e r e  was a d e q u a t e  f o r  o b t a i n i n g  
r e l a t i v e l y  u n a l t e r e d  s e d i m e n t a r y  humatea  o f  low a s h .  The method I n v o l v e d  
min im al  s a m p l in g  h a n d l i n g ,  no h a r s h  c h em ica l  t r e a t m e n t s ,  a n d  y i e l d e d  
s i z e a b l e  q u a n t i t i e s  o f  humic a c i d s .  T h i s  p ro c e d u re  was s lo w ,  r e q u i r i n g  
from f i v e  t o  e i g h t  weeks  from s a m p l i n g  to  I s o l a t i o n  o f  hum ate .  Ash 
c o n t e n t s  c o u l d  have  b e e n  even  f u r t h e r  reduced  by Improved c e n t r i f u g a t i o n  
t e c h n i q u e s .  R e p l i c a t e  a n a l y s i s  I n d i c a t e d  th e  c o n c e n t r a t i o n  r e s u l t s  a r e  
h i g h l y  r e p r o d u c i b l e .  The method I s  recommended a s  a  s t a n d a r d  f o r  
humate i s o l a t i o n .
The d i s t r i b u t i o n  o f  s e d i m e n t a r y  humates I n d i c a t e d  t h a t  u p r i v e r  
s a m p l e s ,  MP, and t o  a  l e s s e r  d e g r e e ,  WP, were a  r e s u l t  o f  t e r r e s t r i a l  
i n f l u e n c e s .  F u n c t i o n a l  g roup  a n a l y s e s  and  i n f r a r e d  s p e c t r a  shoved 
t h e s e  s a m p l e s  t o  be  s i m i l a r  and t h e  e l e m e n t a l  r a t i o s  p o i n t e d  to  t h e  
s i m i l a r i t i e s  o f  t h e  s o i l  humates  an d  th e  MP hum ates .  E l e m e n ta l  a n a l y s i s  
was n o t  a v a i l a b l e  f o r  t h e  HP s a m p l e ,  bu t  f u n c t i o n a l  group a n a l y s i s  and 
i n f r a r e d  s p e c t r a  s u g g e s t e d  t h i s  t o o  was c l o s e r  to  a t e r r e s t r i a l  hu m a te .
Eft had a low humate c o n c e n t r a t i o n ,  as  do o t h e r  sam p les  t a k e n  
from t h e  s e d i m e n t s  o f  lower  e s t u a r i e s .  The f u n c t i o n a l  g roup  a n a l y s e s ,  
i n f r a r e d  s p e c t r a ,  and  e l e m e n t a l  a n a l y s e s  f o r  t h i s  sample  were  not 
c o n s i d e r e d  r e p r e s e n t a t i v e  o f  d o w n r i v e r  humates as  heavy  I n d u s t r i a l i z a t i o n  
and p o l l u t i o n  had  a f f e c t e d  t h e  c h a r a c t e r  o f  t h e  ER e x t r a c t s .  I t  was 
more a l i p h a t i c ,  had  a h i g h e r  a c i d i t y ,  and e x h i b i t e d  g r e a t e r  c a r b o n i z a t i o n
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than all the Inshore samples.
The JC sam ple  was a r e s u l t  o f  more r e c e n t  b i o g e n i c  I n f l u e n c e s  
t h a n  o t h e r  I n s h o r e  s a m p l e s .  JC had low er  t o t a l  a c i d i t i e s , I n f r a r e d  
a b s o r b a n c e s  a t  1650 cm- ! ,  1450 c in '^ ,  and 1050 cm*~l, In  a d d i t i o n  t o  
l o w e r  C/H and C/N r a t i o s  a s  s u p p o r t i v e  e v id e n c e .
O f f s h o r e  hu m a tea ,  a s  w e l l  a s  JC ,  were n o t  s i g n i f i c a n t l y  
a f f e c t e d  by t e r r i g e n o u s  s o u r c e s .  I t  i s  u n l i k e l y  t h a t  t h e r e  were  no 
t e r r e s t r i a l  I n f l u e n c e s  o f f s h o r e .  However, low C/H r a t i o s ,  low C/N 
r a t i o s ,  and t h e  r e l a t i v e  i n f r a r e d  a b s o r b a n c e s  a t  1540 cm” ^,  1450 cm“ ^ ,  
and 1050 cm- ^ i n d i c a t e d  t h a t  t h e  m a j o r i t y  o f  humic a c i d s  In  s e d i m e n t a r y  
d e p o s i t s  examined a r e  a r e s u l t  o f  r e c e n t l y  g e n e r a t e d  o r g a n i c  m a t t e r .
Humate c o n c e n t r a t i o n s  a t  t h e  head of  t h e  N o r f o l k  Canyon 
were  much h i g h e r  t h a n  t h o s e  found a t  t h e  low er  ends o f  e s t u a r i e s .  
Samples  found a t  t h e  head  and a lo n g  th e  s o u t h s i d e  o f  t h e  canyon (NC 17, 
NC 18,  NC 1 9 ,  NC 16, NC 8 ,  and  NC 4) were r e c e n t l y  g e n e r a t e d  Jr i  s i t u  
h u m a te s .  NC 7 ,  NC 5 ,  NC 1 2 ,  and  NC 2 l a y  a lo n g  t h e  axiB  o f  t h e  N o r f o l k  
Canyon and e x h i b i t e d  c h a r a c t e r i s t i c s  o f  i n c r e a s i n g  h u m i f i c a t i o n :  
d e c r e a s e d  o r  a b s e n t  a b s o r b a n c e s  a t  1650 cm- *, 1540 cm“ l ,  and 1050 cm~l,  
i n c r e a s e d  a c i d i t i e s ,  and h i g h e r  C/H and C/N r a t i o s .  Humates t a k e n  from 
t h e s e  sample  s i t e s  a r e  b e l i e v e d  t o  be a r e s u l t  o f  s lum ping  o r g a n i c  
m a t t e r  g e n e r a t e d  n e a r  t h e  head o f  t h e  canyon .  The sample  f a r t h e s t  
from s h o r e ,  NC 15, showed t h e  l e a s t  i n f l u e n c e  o f  s lum ping  s e d i m e n t s .
The c o n c e n t r a t i o n  o f  humic a c i d  had d e c r e a s e d  and t h e  c o n t r i b u t i o n  o f  
l o c a l l y  g e n e r a t e d  o r g a n i c  m a t t e r  became s i g n i f i c a n t ,  NC 2 began to  
show t h i s  t r e n d ,  and NC 12 was t h e  most a l t e r e d  humate w i t h  t h e  l e a s t  
i n f l u e n c e  o f  r e c e n t l y  g e n e r a t e d  o r g a n i c  m a t t e r  I s o l a t e d  i n  t h i s  s t u d y .
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The B e r i n g  Sea  s e d i m e n t a r y  hum ates  a l s o  I n d i c a t e d  t h i s  s o r t  o f  p a t t e r n  
( B o r d e v s k y ,  1 9 6 5 ) .
Samples  t o  t h e  n o r t h  and  s o u t h  o f  t h e  canyon (NC 11, NC 6,
NC 9 ,  NC 20,  NC 1 4 ,  and  NC 1) e x h i b i t e d  c h a r a c t e r i s t i c s  i n t e r m e d i a t e  
b e tw e e n  t h e  more  f r e s h l y  g e n e r a t e d  humatea  and t h e  moat a l t e r e d  hum ates .  
NC 3 was t h e  s h a l l o w e s t  and  l e a s t  c o n c e n t r a t e d  o f f s h o r e  sample .  I t  
had  t h e  c h a r a c t e r i s t i c s  o f  a  r e c e n t l y  g e n e r a t e d  humate w i t h  a  c l o s e  
r e s e m b l a n c e  t o  NC 15 .
C o n c e n t r a t i o n s  o f  s e d i m e n t a r y  o r g a n i c  m a t t e r  were h i g h  i n  
t h e  N o r f o l k  Canyon and to  a  l e s s e r  d e g r e e  on t h e  s l o p e s  t o  t h e  n o r t h  
and  s o u t h .  I t  i s  h i g h l y  u n l i k e l y  t h a t  t h e  bu lk  o f  t h e  o r g a n i c  m a t t e r  
was t e r r e s t r i a l l y  d e r i v e d ,  bu t  more  l i k e l y  t h a t  I t  was g e n e r a t e d  i n  s i t u .
S i g n i f i c a n t  v a r i a t i o n s  i n  t h e  c h a r a c t e r i s t i c s  o f  m a r in e  
h u m a te s  a r e  n o t e d  f o r  a l l  s t u d i e s .  W i t h i n  t h e  N o r f o l k  Canyon, t h e s e  
d i f f e r e n c e s  a r e  a t t r i b u t e d  to  h u m i f i c a t i o n  of  o r g a n i c  m a t t e r  in  s lumping  
s e d i m e n t s .  Sam ples  t o  t h e  n o r t h  an d  s o u t h  a r e  dependen t  upon l o c a l  
e n v i r o n m e n t s ,  a b o u t  w h ic h  l i t t l e  i s  known, f o r  t h e i r  c h a r a c t e r i s t i c s .
RECOMMENDATIONS FOR CONTINUING WORK
R ec o m m e n d a t io n s  f o r  I m p r o v i n g  t h e  I s o l a t i o n  t e c h n i q u e s  have  
a l r e a d y  b e e n  m e n t i o n e d .  I t  l a  f u r t h e r  recommended t h a t  t o t a l  o r g a n i c  
c a r b o n  and s e d i m e n t  g r a i n  s i z e  a n a l y s i s  be  d o n e .  T o t a l  o r g a n i c  c a r b o n  
a n a l y s i s  w ou ld  a l l o w  c o m p a r i s o n  o f  r e s u l t s  w i t h  some o f  t h e  l i t e r a t u r e  
n o t  com pared  I n  t h i s  s t u d y .  E x a m i n a t i o n  o f  s e d i m e n t  g r a i n  s i z e  a n a l y s l s -  
hum ate  c o n c e n t r a t i o n  w ou ld  a l s o  b e  o f  i n t e r e s t  In  e v a l u a t i n g  t h e  
r e l a t i o n s h i p  p r o p o s e d  by  B o r d o v s k y  ( 1 9 6 5 ) .
Of u t m o s t  I m p o r t a n c e  I s  t h e  c o m p a r i s o n  o f  m e t h o d s  e m p lo y e d  
by R a s h i d  and K in g  w i t h  t h e  m e t h o d s  u s e d  h e r e .  I t  m u s t  b e  a s c e r t a i n e d  
i f  t h e  d i f f e r i n g  m e t h o d o l o g i e s  c o n t r i b u t e d  t o  t h e  v a r i a t i o n s  i n  f u n c t i o n a l  
g r o u p  a n a l y s i s  r e s u l t s .
I n v e s t i g a t i o n s  I n t o  t h e  n a t u r e  o f  t h e  h u m a te s  I s o l a t e d  h e r e  
a r e  c o n t i n u i n g .  More  s a m p l e s  w i l l  be  o b t a i n e d  from f a r t h e r  o f f s h o r e  
and  d i f f e r i n g  e n v i r o n m e n t s .  D e g r a d a t i o n s  an d  m e t h y l a t i o n s  w i l l  b e  
f o l l o w e d  by g a s  c h r o m a t o g r a p h y - m a s s  s p e c t r o m e t r y  t o  d e v e l o p  m ore  I n s i g h t  
i n t o  t e r r e s t r i a l  I n f l u e n c e s .  T h e s e  p r o c e d u r e s  w i l l  a l s o  f r e e  o t h e r  
o r g a n i c  com pounds ,  p e r h a p s  t r a p p e d  w i t h i n  t h e  hum ate  f r a m e w o r k .  P e s t i ­
c i d e s ,  f a t t y  a c i d s ,  and  a l k a n e s  have  a l r e a d y  been  m e n t i o n e d ,  b u t  no 
r e p o r t s  a r e  y e t  a v a i l a b l e  f o r  o t h e r  o r g a n i c  compounds o f  s i g n i f i c a n t  
i n t e r e s t ,  e . g . ,  p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s .
A t t e m p t s  w i l l  be  made t o  f i n d  f u n d s  f o r  t h e  e l e m e n t a l  
a n a l y s e s  o f  t h e  r e m a i n i n g  I s o l a t e s .  R a d i o a c t i v e  d a t i n g  would  a l s o  b e
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h e l p f u l  In  s u p p o r t i n g  c o n t e n t i o n s  o f  h u m i f i c a t i o n  o f  s lum ping  s e d i m e n t s .
The I s o l a t e s  from a l l  s t a t i o n s , e x c e p t  NC 2,  NC 3,  and VB, 
a r e  s t i l l  a v a i l a b l e  f o r  f u r t h e r  e x a m i n a t i o n .
The most  s i g n i f i c a n t  p rob lem In  humate  r e s e a r c h  I s  t h a t  
many d i f f e r e n t  i s o l a t i o n  t e c h n i q u e s  have  been  u s e d .  No one i s  a c t u a l l y  
aware o f  t h e  d e g r e e  o f  e q u i v a l e n c e  o f  t h e s e  v a r i o u s  method fo r  e x t r a c t i n g  
s e d im e n ta r y  h um ates .  The method chosen  h e r e  was recommended by F. J .  
S te v e n so n  to  a l l e v i a t e  p ro b le m s  e n c o u n t e r e d  w i t h  d i l u t e  b a s i c  e x t r a c t i o n s  
o f  v e r y  f i n e  g r a i n e d  c l a y  m a t e r i a l s .  T h i s  method I s  good and h i g h l y  
recommended. However,  an i n t e r n a t i o n a l  p a n e l  o f  o r g a n i c  g e o ch e m is t s  
sh o u ld  a g r e e  upon a  s t a n d a r d  method o r  e q u i v a l e n t  m ethods  f o r  th e  
e x t r a c t i o n  o f  s e d i m e n t a r y  hum ates  a s  w e l l  a s  s t a n d a r d  t e r m in o lo g y .
F i n a l l y ,  I t  i s  i m p o r t a n t  t o  c o n t i n u e  t h e  r e s e a r c h  o f  s e d im e n ta r y  
o r g a n i c  m a t t e r  due t o  t h e  s t r u c t u r a l  c o m p l e x i t y  and v a r i a b i l i t y .  I t  
has  been  shown to  p a r t i c i p a t e  I n  v a r i o u s  m e t a l  complex ing  r e a c t i o n s  
and i n  g eo ch em ica l  e n r i c h m e n t .  Humates t r a p  o t h e r  o r g a n i c  m a t t e r  w i t h i n  
t h e i r  c l a t h r a t e  s t r u c t u r e s  and  I n t e r a c t  w i t h  c l a y  m i n e r a l s .  L i t t l e  I s  
known o f  t h e i r  d i s t r i b u t i o n ,  a lm o s t  n o t h i n g  i s  known o f  t h e i r  c h em ica l  
c h a r a c t e r i z a t i o n ,  and  n o t h i n g  I s  known o f  t h e i r  r o l e  I n  t h e  food c h a i n .  
Th is  u b i q u i t o u s  s u b s t a n c e  c o n s t i t u t e s  up to  BOX o f  t h e  o r g a n i c  m a t t e r  






























a t 00 o CO H-CS o in
m m ■-H (fl m 1—1 Oi
P 4 * v k * » +
p—i o ■ o CO m o r - o







0  O01 N U"l
o  o  o  oa, ^  m in. iO sc










m miS >Q 
M  in
mISrs
m m s  s  
fV| (v |
*
m i n m A o m SO o *N Os O ' CO O £V| fN CO ■—1
* m p p p p 4 ■ * p ■ 4 » m p » » * ■
^2 r - r - CO O ' VO A t o r -
3
r - a o fN VD r- . O CO fN Ol
m yp r - ■sO \ 0 to •-I (VI - j - <n fN Q  iC rH m N H iH
i















-it iC  
4 0  4 0
I - -  IT  
n  r— 
co co
vr o  m m r-~ eo
m  r -  m ov 40 f--
T—I Otm vd 
co  oo
O  (V |
r s  r-, 
oo co
lO 04 co eNn  (l to iv
40 no co co
evi m o v r-it co <vi r—
ac to  oo co




H  CO ^  H  vO CO t/> M  H  ^  N  CD O  N  r— tH
+ I- + 4  4 + % 4 * h k 4 k k 4 k ■ k ■ •





v r  \ o  o a t  o i m  i j  *  h  n  o  r s  v r  s o  t o c o  n m
p 4 V I  ■ ■  I  -I I *  I  4 ♦ * I  ■• I  *
,—I co r-i <n o t t o  i—i eo r i  o i O O  to  - t  o t  v t c o n
%
I1
GO -it i-i inn  m
o p—4 fN O Ol CO tTi o O fN o vr rv |v. m p^ . - tB p a ■ ■ 4 ■ p V ■ p p 4 k p p . ■
00 O tN m GO CO IN CO (VI i—( tO O CO rH o
r- in n N ■<r o CTs O' r t □0 m co m o co OS in o
sO kO fN GO 00 rv ms m cn rH o m CTS o T—1 (v|

















s stv dt 
A / 5 5
VD1
o W O K O 5 0 O  K O  M
n O H O H O O °
tn ni >v id > , id t*t d t i v  m
PH Ah 55 Ah n s PH Z f t i  55
n -. n - . n
(N m co ■—1
rH rH ■—i (v |
O l
1 A
r - pH rH








































































































TJ rH r l ■—1 u n n s£> u n OS 5 0
»-t r - N u n ■h- i—l o n O ■^ O
dJ ► ► 4 * 4 ♦ * 4 4




« n cn t o f n CO o n o n SO r -  r - c n r n o n ^a- 5 0
T3 p + » * 4 p * + p p ■ » 4 p p * 4 p p
U r - r - r -, r^ r - . r— r - r^. r - r -- c n  o s p^ . 0^1 r-r DO VC OO o o DO
EA ■•A cn sO S 3 o n m  n SD u n u*! 1/1 o n o n





r -  r--
J5to
o o% o os 50 r -* 4 p 4 * ■un cs r - r - p-H r -cn r- cn cs COun
pH 'd 1 H■—1 un orH
-J1 r - un cn Om O r- OO cs SOr-- 95 □0 00 Oi 00■ * 4 4 4 4
o o o o o o
i—i CO un cs un■ 4 4 h
o un rH r-. un sO
un co 
O  r -  




r - . u"i
co <j
O'. dO
r i  ao
(M ffi 

















^  <M 
c c  n  n
<o oo o
O  \o <r <tifl 1/1 iOn  -s <m
cnin
n
o '  O ' O ' cn  oO' in cc> cn O
oo oo oo co O '
O ' - }  fN  O i g o  
N  > 0  51 O l O
i—l ID
DM CO 
m  c n  ^  m
U”lit  i". i—i i-i O ' a4  «  in n  O t—oo co  co  co  co co  oo









m n  co co cn on q  q  n  h  d i in  r ^ t n o o  r -  ^  n  o  n  in  a>
1 1 1 1 4  1 1 1 + 4 4 + 1 1 1 1 1 1 1 * 1 *











s£3 c n o n  n pH •-H* 4 * 4 4 4
o o o  m o m
o c s <r» I S c n u n
h - 'O ^  e s so N
p- H p- H pH
□ XM 51^ to a ,  s
c n
<








r -  u i 
m  O
o s  
u  O  
tn  4  
Ph X
m  nID vO 




O  CN O  DO PI (M 
I '*  <M VO
O K S  




<7i hp cn  co id  
P i  P I r* l H  P i - j  in  un cn n
H  CN Cl < t




















































































































































. CM rx- cm <N CN CM O CO
TJ 4 p * + 4 + ■ * *
1) g o CO oo oo CO 00 CO m d -i CO
tO r-h t n r - rx . r - r - h . o O '. p—1
* 4 H i—4 t-4 -H h4 f 4 ■H
t o  o o  o o  f o  < o  c o  o o. * . . . . . . . . . .  . .
o o  o o  o  c o  m m m m m n m n  i—t i—i
>—I ■—F ■—t i—l N ( S N C J M ( N M < N  -X -X
■ H  H  H  H  « H N M ( V | C V I ( M N  » }
0 0 f x r n m m o n m H t x o o 0 0 CN o i-x i-4 CM c o m
p ■ a p ■ * * * 4 * 4 * p » 4 * » * * + *
3
fx . 4C sD M m 4-4 o r - H H n O-i r x o H sO n m o o o i-4
CO M> in iD OO • 4 a m cm m c n t £ s£> CM a } aO ■—1 DO o r 4












s  B  m tn N »  (N
H  r - l  -v T  O '  m  o
SO CO CD 1 ^  CO «  A
.  * .  » .  .  *o o o o o o o
n  o  o  i  r i  n  
■O O  d  iO  M 9  OO
jv O' m iv (N o in
fi N ol ® O' H
o m i f l f l ' C B ' Q  
o  f t  H  N  a ;  » i  O
O  ift O i n  N  M  M
h  N n  -o oi 'O 
O M H U S @ »^ o  o  o  o  o  oK S 4 4 4 4 4
d . 5 5  5 5  »  9 5  5 5  5 5
I
DOIX
I-* m u l r -. m o O SO o -X 4 0 m r>. CO O  M3 0O x t
CO CM vO in IX m CN c n o o c n CO N n - DO
n - r-ft t o A t o t o r% t o s o DO DO r - . r - IX r -. r^, r - .
+ * ■ * ■ * ■ ■ m ■ ■ ■ p X « ■
O o a o a o o o Q o o o o o o O o o
m A m tN \ 0 i-4 c n o un m m m VO in CO VO VO
■ h . ■ ■ ■ ■ 4 p ■ p p p * p 4 ■ p
i-4 -U U"S a > r - VD - t r x A n m VO
i-4 7—1 i-4 iH r 4 7—1
CO r - V 0 r - c n o > o r—i 1-4 CN < o u i m VC om . . » . . » . « * * i e . » * +
■-4 H c n A A o o A A O o o iD M3 c p r^. M ) u -|
C-J CN i—1 •-4
CO O rH o m CS CN 7—1 QO c n ^a- i-4 O s r - in s o
p * . . . ■ ■ . » j + + + * ■ 4 .
r-~ o ■-X m < x CM - x c n i-4 r n iH r 4 c n m 4 3 o o
r t « r . A M i O IX CO CM cn r 4 v o m 0 0 ( x m
i-4 H CM c n #X i—^ CM c x 'O ' CN CO OO r - in CO CM ■ x
p-4 c x
i-4 <M 7—1 e x * n X m vO 7—• CM i-4 n -X m SO
D 0 W H £ M a 0 0 M K a PG 0 a
H U 5 o O O O o kl H O O o o  o Q u o
>1 flj to <0 BO <4 10 >v P> <4 fl) cd n d d R 0}



































































DO u l ■3 c n CN
n O a t£a -a-
* * + ■ ■ p




o o 0 0 tC 0 0 Oft + » f + + 4 p4^ tH a■4- 0 >0 0 m
CM CN CN CN CN < r
sD  * 0  i p  s c  vO
-* -j -* 'd-
4 0  ‘1 0  1 0  4 0  4 0
M  N  M  N  (S
^  ^  ^  ^
4 0  1 0  ijJ j 1 0  40J
CM (S N N M
to ^  i/) <n
■- » * ►m in lh m■j - <t ■* -j
m 04 cn a> >0
p « « + * * + p
CM m ■0 0 cn M





CN M- H CN
CN
r »  O  r 4  f f l (A  - t  - J  - J  M  CM CO
tn  sp  ^  o sH M) M n  n  
n  h  n  H
tA H r  ^ OO O' in m ifl 
i - t  A  rH
Oco ■tn c-. 00 A A  CO A (S
0 <0s m as md i-4
i-4 cn m in V O m
CO A 0  r-- I 'M . r--
p ■ ■ p ft «
o o a o o o o o
H i s  M O N  A « )  M OiCIrs r% in ^
u-iO
co
m rs <o -J o  u*i m o> ® n  r-  io
o  co r- in
o o o O  o  o  O o  o
O  QS
n  oo
r - . cO  o o  r - .
■• «  ■ ■o  o  o  o
H
■P4 c~- i-4 0 m 0 r-.
JC ■ ■ ■ ■ ■ » «
IB CM 0 GO r-. 0 *n O
< -H pH H CN 1-4 f—i CM
N M O > t r t  M n  in O' o
<t -* cm -*■ <& 
H  H  (VI (O
O  CM | s  N  IT | 
rH  CM CM
tT| A  N
■I ■ B P
■M H  CO H
*Eh
■ r - O A O ' a s  nd OO CM
4M , , , 1 ,  , , »
W m o u s A CO o 00 Mf
■H F—1





SO OO i- i oM - o sj- «H A
u n i n i n  cm r s Is. r-s A
4 rs. Mr ICI O sj- |s- CM
co CM t n  m  cm »—1 O
i—i SO m
49
r i d  H CM cn u
SI









r s  a j  i n  n  O ' - 4
■C +M I-M CO i—9 
r s  h  i n  ®  H  
c n  i n  s f  m  d
r l  lO  V  i<) lT | I r t  N
-J rs cn O' m
W  I S  O  HH 4  d  H
H  CN H  CM n  H  M  H  CM c o
o a  H o  . ^  « a  a
s
£





O CM MT O 
CM ■—I
o a
s , |pm a
t_Ja
r -o coSD
































































o> Ln O -a- h . 00 O CN o 00
e» m O tTv ■H In i n CN
p 4 4 » ■ ■ ■ 4 4 * *






Li*h u% i n  m  i n  n
m m  m  *n<T f t  f tf t  ft f t  -r
m mf t  f t-it f t
i n un m u n c n c n m i—l ■—1 ■-4 t o un i n o o o o o o
■ ■ m ■ ft ■i « 4 ft * % * 4 4 4 4 « * *
u n in un m u n ■m in i n pn -H* t o lT) m CN« CN o o o
-st ST < r -d- c n cn n - t nt -3- ON On m m u n
NT - j ^ r CN N cN c n cn c n N 1 n m o n ^ r n r
ao (HOn o un o oo m00 ■HIN vt cn'J1 INpH cn f t n o NTCNO' ■^rcoft ft * p 4 4 4 4 ft ft ■ * ■ ft ■ « * W « 4 4 4 H4 ■CNri u*l o •£> ININ 1-4(N f t oOn ■<; mQo vOINCN i-4un cn mCN00 a *d- o CN s£3 IN |No> c& INrHO CMco O' Oi mn <No r-,CNCMn 1—1 mm ■n CN O' n n*>CN■HI Om H)fNo OO-d- m oonH pH pHpH










i  »O r"> i  iI-- OO
CO O'! H  «




n  ni 
r l  m
r- m
i  i
f t  f t
u n c n C7> cn t n O c n o a > O ' ■^ D c o 0 0 IN h - PN u n
4 4 * 1- * ft ft ■» ft ■ ■ ■ « ■ 4 *
<30 u n u n |N u n in O un 'S ' V 0 i—l IN CN u n un u n
iH ■H IN c n iH CN 0 0 IN
cn c n pH c n CO CO fO 0*i IN m 0 0 O 4 3 u n Ch H" CO
4 4 ■ ft ■ p ft p 4 ■ ■ 4- n ■ m fr




H ■O' M3 H| IOm m m j<
c n IN iH 0 0 In 0 s. o rN i—i ■H CO CO O i o r— ft iH ft co OCl
a * * 4 ft » ■ ft « ft H H * H + H H H
c n - 4 0 0 cn cn ■^r n r u n m CN O o ao Ch 1C o ft o f — H ft rM
IN □0 H" CN 1—1 m CTn - J N- CN J5 < n a> m r - HI pH O ' OO


























o tn o s
Hi 55 CLi 95
o 3i o n  o s
H O  h  o  U  OP. <a >. « >, ta
(V. 95 Ah % Ah 9=
□ s
k sAh 95

















ft'_■ ■>—■ __- '—'
m M3 CO
u U O u
iE 95 55 95
S 0 S S o  s s 0 K s □
o Up o o H  o o H CJ o
(5 4 F , A (d F i f l q)
9 5 A h 9 5 9 5 A h 2 !E A h a s 95 A h
u (J o (J
a e t s O
□ -—, 0 o o


























H M N ' d n o O lO
u n n A - f - m O«. m 4 ■ ■ +










O o r^. r - O O 0 O i-H pH O 0
4 » p p p fc 4 4 »
o o O 0 co CO 0 O co CO 0 O
1 /1 u n < - 1 Ok o> u n GO GO i n u n
MJ - f r n m f n mT - t f
u-1 m o  O O
SD sO■j vr rs cn
O O O 
u s  in  mMJ
O O 0 O O O m O O» 4 » » ■ ■ p ■
0 O un m A m LA
m in cm 'j - - d -d’ N MS -a-
MJ -d1 N eM k* 'd -
■H 0 M r s h~ - 3 CM CM
4 4 ■ f * •1 « m * + ■
■H O
5
CM ( f t a . n* r — CM m
CM LA ■cn GO r -. CM e f t NO CO O ’!
m ■cn iH N i-H £ ft <0 CM CM
m o
U J CM 
00 SO 
tN 1-4
m CM <M <H ■^r m CM ff-. CO r -
B 4 * * »■ k m k k 4- ■
0 ■O H f 0 0 c n CO sD m 0
CM ON lA i n r*J C h CO c n c n 0 u n O
r^ . r - . 1^ - r - . CM vO 1-^ ■^r
fH
m
GO O kO 0 u n m - ' J O 0 r -. *£■ u n -d1
CM CM 0 pH 0 - d cn 00 00 NO O n
i-H r - CO e f t CO 00 o o GO r— 00 GO
a 4. p p « 4 k ■ ■ h * «
O 0 O 0 O 0 O O O O 0 O
cm r-m o
o o  o o
M O CO 
m  <yv c o  
o o  a o  oo
© o  o  a  o
c n * n O CO I - ' O s CO - d
C ft i n 0 0 M J (M O n f S i-H
oO o s k£> O k ffk M S O s O s c o
■ p 4 4 ■ t- 4 4 4





0 r - ON m un r-s rH ■-H u n u n LA c n i n u n 4 0 4f t =T- u n O o n 00 iH - d
p p p 4 4 ■- ■ ■ 4 4 4 4 4 » u 4 ■ 4 4 -
CO GO m CM LTl ■un i-H GO M 3 u n H f -d - ■O O m H co pH c n GO CM r - CM H f ND
i-H c o i-H H i-H sH <M u n *H
CM GO
u n r-v i-H CM CM ON O O u n O pH c n O H O c o Cft i—l CM c n H ■H
u p p p 4 B 4 4 ■ p ■ » 4 4 4 4 ■ * ■ • ■ ■ *
c o u NO ' J O H f 4 0 u n SO e f t 0 O N rn iH CM 4 0 CM c n c n m ■H cn m CM





■cn O n PM - d  1—1 MS s p OS 0 s o < ft
4 ■ 4 k * 4 r * 1 ■ k
- d ■ d c o fN IN O M S 0 O N - J
C ft iH CM i— l  i — l ■—I I - . 4 D S C c n CM
ifti
<N
v f i-H <r> <*s i - 4
i - 4
M f 0 0 f ^ i m m
'T
0 0 t f t "O cn ON CM 1H CM r«s 'd cn GO GO
■ ■ 4. ■ p 4 4 4 * 4 ■ » ■
0 c n -sd < ft 4 0 1H CM m H cn r - O
0 vO e f t - d ■^r r- c n cn ON ■CM m ON CM
CM OO GO GO 4 0 A - r - r ^ LA
m






s  s<-* O>, a
P h 9 0
o eei
s .1>s Q 90 & 35
□ K H O
Pm 99




o X u gPm a  




c n m NO c n iO c n
I 1 1 1 i 1 t
■H ■ d iH 1H H ' rH
H w w
CM m u n NO
■H iH pH ■pH iH
V U u u L )











o t c  tc
r s s
Pm 95  95






















r - NO □0
i—f c n m
4> » - ■
t H n nO
&H
WP
4 o o O o o o o o o
T J r * ■ l 4 1 4 » 4
4U m m in Lfh m i n m kTi m
W ■cr ■-T Nf ■ r^ -o ■ r^
J?
-J- sl- 4 J mt
*
O r^- M n> n o o p—( VP cn
* p r 4 n ■ 4 p # ■
h4 £N| o rH o c o ■tm c n CN
in NT n - 00 IN CN o CN rHC m m h . o o o ON pH
a i- l r4 ■rH
ON o% (M ON f i CG o
■K IN C7^ •—< CN o CN CN om On <D O* ON ON ON oJP 4 ■ * ■ ft 4 m ■
o o o O o o O a rH
N
* m o kO r-. CQ ■—I ON■ 4 » ft » , ft M
3
- j 1 r v A n N f m 4-1
■K
H
* 00 CO NT ' t >-4 r -
M ■ 4 * 4 * 4 - U
d) tM CM CN n n m 4J
*Parf
>H O -a- cn <r> o CO VO cnp p 4 « m 4 * » ■
* tn □0 ■-4 N CO cn ON o> (N
< o% r-- m in O N m IN. i—l
3 m fcO CO o ■-H o * i—le 1—1 p-H i—i
O SC a o a W o M K
(M O o H o O 14 O Qm > , nj nj P> « * tn <0 5
g (V z : z PL4 a : SC P4 55 5C
*r4 cj u CJ
» Ch C 0
« q o o




g GO Oh o
i—l •—1 CN
t f l y u Usc 55 z
Appendix I I .  D e t e r m i n a t i o n  o f  o r g a n i c  m a t t e r  f a c t o r s  (O .M.F.)  f o r  
t h e  combined humlc a c i d  i s o l a t e s .
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0 . 5 8 0
0 .4 5 2
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0 . 8 0 0
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0 .9 4 8
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0 .817  
0.  760
0 .8 9 0
0 .768
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0 .8 7 2
0.791
0 ,1 8 3
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